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PREFACE  TO  FOURTH  EDITION 

The  science  of  nutrition  has  advanced  greatly  since 
pul)lication  of  tlie  preceding  edition.  This  advancement 
includes  many  phases  applicable  to  infant  nutrition.  Some 
of  the  important  new  information  applies  specifically  to 
infants.  Because  of  increased  knowledge  numerous 
changes  and  additions  have  been  made  in  this  edition.  All 
parts  of  the  book  have  been  revised  and  many  sections 
have  been  rewritten.  New  illustrations  have  been  pro¬ 
vided,  particularly  for  the  chaioter  on  techniques.  The 
purpose  of  the  fourth  edition  remains  the  same  as  it  was 
originally.  The  book  is  intended  to  be  useful  to  both  the 
student  and  the  practitioner. 

P.  C.  J. 

PREFACE  TO  THIRD  EDITION 

The  important  contribution  of  Marriott  to  infant  nutri¬ 
tion  consisted  in  the  replacement  of  empiricisms  with 
scientific  fundamentals  and  the  establishment  of  the  en¬ 
tire  subject  on  a  simpler,  more  logical  and  more  common- 
sense  basis.  For  this  accomplishment  he  took  no  special 
credit  to  himself.  In  the  preface  to  the  first  edition  of 
this  book  he  stated  that  the  purpose  of  the  book  was  to  sum¬ 
marize  the  present-day  knowledge  of  the  nutrition  of  in¬ 
fant.  Since  the  book  was  first  published,  research  in  nu- 
tiition  has  been  extensive.  The  advances  in  our  knowl¬ 
edge  made  necessary  a  second  edition  after  a  few  years. 
Again  a  new  edition  has  become  desirable  for  the  same 
reason.  Also  it  becomes  necessary  that  the  name  of  am 
0  ler  author  appear  on  the  title  page.  The  present  editor 
was  associated  with  the  former  author  for  a  period  of 
years  and  no  fundamental  differences  exist  in  the  two 
points  of  view.  In  this  third  edition  the  purpose  of  the 
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book  remains  the  same,  namely,  to  bring  together  such 
facts  and  ideas  as  have  a  practical  bearing  on  infant  nu¬ 
trition  and  to  present  them  in  such  a  way  as  to  make  them 
useful  to  the  practitioner  and  student. 

P.  C.  J. 

Iowa  City,  Iowa. 


1‘RHFACE  TO  FIRST  EDITION 

There  is  perhaps  no  field  in  medical  practice  in  which 
more  difference  of  opinion  has  existed  than  in  that  of  in¬ 
fant  feeding.  So  numerous  have  been  the  theories  advanced 
and  so  diverse  the  methods  of  feeding  recommended  that 
the  practitioner  is  likely  to  become  hopelessly  bewildered. 
Much  of  this  confusion,  however,  is  avoidable,  for  the 
fundamental  facts  concerning  the  nutritional  requirements 
of  infants  are  now  fairly  well  established,  and  the  most  that 
any  type  of  feeding  can  accomplish  is  to  fulfill  these  re¬ 
quirements. 

It  is  the  jiurpose  of  this  book  to  summarize  present-day 
knowledge  concerning  the  nutritional  requirements  of  in¬ 
fants  under  normal  and  pathological  conditions  and  to  in¬ 
dicate  the  effects  of  failure  to  meet  any  or  all  of  these 
requirements. 

In  order  that  the  results  of  feeding  on  the  growth  and 
development  of  infants  may  properly  be  appraised,  a 
knowledge  of  normal  growth  and  development  is  essential 
— a  chapter  on  this  subject  has  accordingly  been  included. 

A  food,  although  a  complete  one,  cannot  be  expected  to 
meet  the  nutritional  requirements  unless  it  is  one  which  is 
capable  of  utilization  by  the  infant ;  in  other  words,  it  must 
be  digestible  and  absorbable  and  not  capable  of  causing 
injury  to  the  body.  The  selection  of  such  a  food  must  be 
based  on  an  understanding  of  the  characteristics  of  the 
chief  food  elements  and  the  processes  of  digestion  and 
absorption  in  infancy  as  well  as  alterations  of  these  pioc- 
esses  which  are  likely  to  occur  under  abnormal  conditions. 


PREFACE  ‘ 

'Die  chapters  on  Metabolism  and  Digestion  outline  the 
present-day  viewpoint  on  these  subjects. 

AVith  a  thorough  knowledge  of  the  nutritional  needs  of 
the  infant  and  of  the  means  by  which  it  is  possible  to  meet 
those  needs,  the  practitioner  is  in  a  position  to  appiaise 
the  value  of  any  given  type  of  feeding.  If  a  formula  or  type 
of  food  is  one  which  meets  fully  the  requirements  and  at  the 
same  time  is  one  which  is  capable  of  utilization  without 
harm  to  the  body,  it  will  be  successful.  If  it  fails  to  meet 
any  one  of  the  essential  requirements,  it  will  fail  as  a  whole. 
If  these  self-evident  facts  were  more  fully  appreciated, 
there  would  be  fewer  failures  due  to  the  feeding  of  well- 
balanced  digestible  formulas  in  insufficient  amounts  to  meet 
the  minimal  energy  requirements  or  the  feeding  of  mixtures 
meeting  the  caloric  demands  but  deficient  in  such  essential 
elements  as  protein  or  some  of  the  vitamins. 

There  are  numerous  Avays  in  which  infants  may  be  fed 
successfully,  and  there  is  no  one  method  of  feeding  or  type 
of  food  which  is  to  be  recommended  to  the  exclusion  of 
others ;  on  the  other  hand,  there  is  no  reason  to  resort  to  the 
use  of  complicated  formulas  or  expensive  proprietary  prep¬ 
arations  when  the  particular  requirements  in  the  individual 
case  may  be  fully  met  by  simpler  means.  The  simpler 
means  are  especially  stressed  in  this  book,  as  any  complica¬ 
tion  of  methods  is  not  only  unnecessary  but  introduces 
greater  chances  for  error.  Sufficient  information  is  giA^en, 
hoAA^ever,  it  is  hoped,  to  enable  the  practitioner  to  use  in¬ 
telligently  such  special  foods  as  are  uoav  available  or  may 
from  time  to  time  be  introduced. 

The  chief  gastrointestinal  disturbances  of  infants— 
vomiting,  diarrhea  and  constipation— receive  especially  full 
consideration,  for  the  occurrence  of  these  conditions  iiiav 
wreck  any  carefully  laid  plan  of  feeding. 

So  important  is  tlie  relationsliip  of  infection  to  nutrition 
tliat  a  separate  cliapter  is  devoted  to  tlie  snbject  It  is  be 
conimg  recognized  that  many  of  the  disturirances  of  in¬ 
fants  which  have  previously  been  attributed  to  dietarv 
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faults  are  in  reality  the  result  of  infections.  The  relation¬ 
ship,  however,  is  a  reciprocal  one,  for  infections  often  occur 
because  the  nutrition  has  been  inadequate.  An  infant  suf¬ 
fering  from  an  unrecognized  otitis  media  cannot  be  made  to 
thrive  by  merely  changing  the  feeding  formula,  nor  on  the 
other  hand  can  an  infant  with  a  chronic  infection  be  ex¬ 
pected  to  overcome  the  infection  unless  the  diet  is  an  ade¬ 
quate  one. 

Throughout  the  book  an  effort  has  been  made  to  stress 
the  importance  of  the  chemical  pathology  of  the  body  as 
related  to  feeding  and  nutrition,  as  an  understanding  of 
this  enables  one  to  apply  much  more  intelligently  thera¬ 
peutic  procedures.  This  phase  of  the  subject  receives 
especial  consideration  in  the  chapters  on  Anhydremia,  Aci¬ 
dosis  and  Alkalosis,  Kickets,  and  Tetany. 

The  author  believes  a  thorough  exposition  of  the  funda¬ 
mental  principles  of  nutrition  to  be  of  greater  value  to  the 
practitioner  than  a  mere  outline  of  methods  of  procedure, 
for,  with  a  conception  of  the  underlying  principles,  he  can 
intelligently  meet  any  condition  as  it  arises  and  he  inde¬ 
pendent  of  “rule-of-the-thumh”  procedures.  Nevertheless 
the  practical  application  of  the  scientific  principles  laid 
down  can  perhaps  best  be  appreciated  by  the  use  of  specific 
examples.  For  tliat  reason  numerous  clinical  protocols 
have  been  introduced  illustrating  the  more  common  nutri¬ 
tional  problems;  details  of  the  management  of  cases  de¬ 
scribed  are  given.  An  attempt  has  thus  been  made  to  give 
the  how  as  well  as  the  why. 

As  a  further  aid  from  the  practical  standpoint,  separate 
chapters  on  Therapeutic  Procedures  and  on  Medication  in 
Infancy  have  been  included. 

The  author  makes  no  claim  of  originality  for  the  ideas 
expressed  in  this  book.  The  successful  metliods  of  modem 
infant  feeding  are  tlie  outcome  of  the  labors  of  many  men 
in  many  countries,  each  contributing  some  useful  or  im¬ 
portant  observation.  The  last  word  has  not  yet  been 
spoken.  Tlie  establishment  of  a  new  fact  may,  at  any 
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time,  change  accepted  methods  of  practice.  An  effort  has 
been  made  in  this  book  to  evaluate  present-day  knowledge 
of  nutrition  on  the  basis  of  actual  clinical  trial,  and  conclu¬ 
sions  have  been  arrived  at  not  in  the  laboratory  or  easy- 
chair,  but  in  the  clinic. 

The  author  takes  pleasure  in  expressing  his  indebtedness 
to  the  various  members  of  the  Department  of  Pediatrics 
of  the  Washington  University  School  of  Medicine  who  have 
contributed  many  helpful  suggestions,  and  esi^ecially  to 
Doctors  Theodore  C.  Hempelmann  and  Alexis  F.  Hart¬ 
mann,  who  have  read  the  entire  manuscript  and  liave  made 
many  valuable  suggestions. 


W.  McK.  M. 
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CHA'PTER  I 

GROWTH  AND  DEVELOPMENT 

Physical  growth  may  be  defined  as  the  increase  in  the 
quantity  of  living  tissue  of  the  body,  either  by  increase  in 
the  size  of  cells  already  present  or  by  the  development  of 
new  cells.  The  term  development  includes  both  physical 
growth  and  the  increase  in  ability  of  the  body  to  function, 
both  physically  and  mentally. 

Many  factors  influence  the  rate  of  physical  growth.  Most 
of  them  can  be  classified  under  heredity  and  environment. 
Heredity  probably  influence’s  the  balance  between  the  secre¬ 
tions  of  the  various  endocrine  glands.  These  in  turn  regu¬ 
late  the  general  pattern  of  growth,  determining  the  type 
of  body  build  and  probably  limiting  the  maximum  size  that 
an  individual  can  attain.  Environment  is  more  controllable. 
Nutrition  is  by  far  the  most  important  of  the  controllable 
factors  that  determine  the  rate  of  growth  of  the  normal 
infant.  Other  factors,  as  insufficient  rest  and  disease,  either 
acute  or  chronic,  decrease  the  rate  of  growth,  but  these 
factors  exert  their  influence  on  growth  through  their  effect 
on  nutrition. 

Fully  adecpiate  nutrition  p(‘rmits  o])timum  growth. 
Growth  of  the  infant  begins  at  conception.  The  fetus  is 
consklered  as  parasitic  on  the  mother  and  formerly  the 
nutrition  of  the  fetus  was  considered  adequate  regardless 
of  the  state  of  the  mother’s  health  or  nutrition.  Studies 
of  the  relation  between  maternal  nutrition  and  the  physi¬ 
cal  status  of  the  infant  haw  proved  the  fallacy  of  this 
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1  oor  nutrition  during  pregnancy  affects  tlie  fetus  even 
nioie  than  the  motlier.  Survey  studies  of  the  influence  of 
pienatal  diet  on  the  motlier  and  cliild  liave  been  made  l3v 
Ehl)s,  Tisdall,  and  Scott  in  Toronto;  liy  Burke,  Harding, 
and  Stuart  in  Boston ;  and  hv  Cameron  and  Graham  in 
Glasgow.  The  findings  of  the  three  groups  are  similar. 
Those  mothers  whose  diets  were  fully  adequate  maintained 
better  health  throughout  pregnancy,  had  fewer  complica¬ 
tions  of  labor  and  were,  in  general,  better  obstetrical  risks 
than  the  mothers  Avhose  diets  were  poor.  The  incidence 
of  miscarriage,  stillbirth  and  premature  birth  was  much 
smaller  in  the  well-fed  group;  their  infants-  were  in  better 
physical  condition  at  liirth,  fewer  neonatal  deaths  occurred, 
fewer  and  less  severe  illnesses  were  observed  up  to  the 
age  of  six  months  than  was  the  case  among  infants  of 
poorly  fed  mothers.  In  addition  more  of  the  well-fed 
mothers  were  able  to  nurse  their  infants  successfully. 

The  Boston  group  found  in  their  survey  that  maternal 
diets  tended  to  he  low  in  protein  and  that  if  the  protein 
intake  was  adequate,  containing  75  grams  or  more  daily, 
the  infants  were  longer  and  heavier  at  birth  than  infants 
of  mothers  whose  protein  intakes  were  inadequate.  Not¬ 
withstanding  the  increase  in  size  of  the  infants,  complica¬ 
tions  of  labor  were  fewer. 

Studies  with  animals  have  shown  that  poor  maternal 
diets  .can  result  in  congenital  malformations  of  the  fetus. 
Deficiency  of  vitamin  A  results  in  abnormalities  of  the  eye 
and  skeleton  in  pigs,  rats,  and  cattle.  Harelip,  cleft  pal¬ 
ate,  missing  limbs,  blindness,  and  missing  eyeballs  were 
ol)served.  Maternal  deficiency  of  riboflavin  in  rats  results 
in  skeletal  deformities  of  the  offspring,  including  cleft 
])alate.  Deficiency  of  vitamin  D  also  i-esults  in  skeletal  de¬ 
formities.  If  the  dietary  deficiencies  are  extreme,  the  em¬ 
bryos  die  in  utero.  No  studies  have  yet  been  reported  of 
the  effect  of  deficiencies  of  human  maternal  diets  on  the 
production  of  congenital  malfoi-mation  in  the  infant. 
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Maternal  rubella  within  the  lirst  three  months  of  preg¬ 
nancy  is  a  cause  of  congenital  defects  in  human  infants. 
Infants  born  of  such  pregnancies  have  exhibited  deaf- 
nmtism,  cataract,  malformations  of  the  heart,  microcephaly, 
and  obliteration  of  the  bile  ducts.  The  effect  of  other 
toxic  disturbances  during  the  period  of  embryonal  growth 
has  not  yet  been  reported. 

After  birth,  the  rate  of  growth  and  development  of 
the  infant  depends  in  large  measure  on  the  adequacy  ot 
his  nutrition.  Avei-age  tigures  for  the  weights  and  meas¬ 
urements  of  infants  at  various  ages  should  not  be  taken 
as  an  absolute  guide  in  determining  the  development  of 
an  individual  infant.  Such  statistics  have  been  gathered 
from  large  groiqis  of  infants  whose  chief  criterion  of  nor¬ 
mality  usually  is  that  they  show  no  illness  at  the  time  of 
measurement.  Conqiarison  of  I'ecent  tables  with  older 
studies  shows  that  the  average  infant  of  today  grows 
faster,  both  in  length  and  weight,  than  the  average  baby 
of  twenty  years  ago.  llabies  of  healthy  stock,  given  abun¬ 
dant  food  of  suitable  composition,  are  generally  distinctly 
heavier  and  larger  in  all  measui-ements  than  the  acce])ted 
averages  of  the  present  day. 

Relative  Body  Proportions  During  Infancy 

At  birth  the  relative  proportions  of  the  parts  of  the  body 
differ  markedly  from  those  at  maturity.  In  the  adult  the 
head  forms  one-eighth  and  the  legs  about  one-half  of  the 
total  body  length.  In  contrast,  the  head  of  the  newborn 
infant  constitutes  one-fourth  of  the  total  length  of  the 
body,  the  remainder  being  divided  about  equally  between 
trunk  and  legs.  These  proportions  in  length  do  not  change 
to  any  great  extent  during  the  first  year  of  life.  The  rela¬ 
tive  width  of  the  body  at  the  shouhlers  and  hips  increases 
most  rapidly  during  the  first  three  months.  The  circum¬ 
ference  of  the  head  is  somewhat  greater  than  that  of  the 
c  lest  throughout  most  of  the  first  year.  Only  after  eio'ht- 
een  months  of  age  does  the  chest  circumference  exceed  that 
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of  the  liead.  '^riie  general  type  of  body  build — that  is, 
whether  the  child  is  of  the  linear  or  the  lateral  (stocky) 
type  of  body  conhgnration — can  be  ascertained  in  early 
infancy. 

Body  Length 

Normal  babies  liorn  at  term  may  vary  10  cm.  (2.5  in.)  or 
more  in  length,  depending  probably  both  on  heredity  and 
on  nutrition  in  iitero.  According  to  Meredith  the  mean 

GROWTH  CHART  BASED  ON  IOWA  CITY  DATA  _ 
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Fig.  1.— Height-age  and  weiglit-age  oliart  for  boys,  birth  to  two  years. 
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birth  length  for  boy  infants  of  this  country  is  50.8  cm.  (20 
in.),  for  girls,  50.0  cm.  (19.6  in.)  with  a  normal  range  for 
both  of  from  45  to  55  cm.  (17.7  to  21.6  in.).  A  slight  de¬ 
crease  in  length  may  occur  in  the  neonatal  period,  due  to 
recovery  from  the  molding  and  stretching  incident  to  loirth. 
Tliis  decrease  rarely  is  more  than  1  cm.  Growth  in  length 
is  jnost  rapid  during  the  first  three  months  after  l)irth  and 
liecomes  progressively  slower  during  later  infancy.  The 
average  baby  grows  about  25  cm.  (10  in.)  during  the  first 
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year,  divided  as  follows :  10,  7,  5,  and  3  cm.  in  the  first, 
second,  third,  and  fourth  quarters,  respectively. 

A  tall  baby  ajjparently  does  not  grow  more  rapidly  than 
a  short  one  during  the  first  year,  but  he  maintains '  his 
lead  in  stature.  During  the  second  year  the  tall  child 
continues  to  maintain  his  lead  over  his  shorter  brother. 

hatever  the  birth  length,  the  well-fed  baby  will  usually 
grow  at  a  rate  somewhat  greater  than  the  average  for  his 
birth  length. 

In  general,  girls  are  about  0.8  cm.  shorter  at  birth  than 
boys  and  about  2  cm.  shorter  at  a  year.  Otherwise  the  gen¬ 
eral  trends  of  growth  are  the  same  in  the  two  sexes. 

Growth  in  length  is  measured  conveniently  by  x)lacing  a 
table  against  a  wall  with  the  baby  on  the  table,  the  top 
of  his  head  against  the  wall.  The  knees  can  be  straightened 
and  the  length  measured  on  a  yardstick  kept  at  right  angles 
to  the  wall,  using  a  book  or  short  piece  of  board  at  the  soles 
of  the  feet.  Greater  precision  is  attained  by  having  some 
means  of  maintaining  the  footboard  at  a  right  angle  to  the 
measuring  stick. 

Weight 

The  weight  of  a  newborn  infant  will  depend  on  his  body 
size  and  the  amount  of  fat.  It  is  therefore  much  more 
variable  than  the  body  length.  The  average  body  weight 
for  a  boy  baby  51  cm.  (20  in.)  long  is  about  3400  Gm.  (7.5 
pounds),  with  a  normal  range  of  from  2700  to  4000  Gm. 
(6  to  9  pounds),  and  a  maximum  normal  weight  of  5100  Gm. 
(11.2  pounds).  Therefore,  a  newborn  infant  who  might 
be  anywhere  from  46  to  55  cm.  (18  to  22  in.)  in  length, 
might  weigh  from  2000  to  5000  Gm.  (4.4  to  11  pounds)  and 
still  be  considered  normal.  It  is  thus  necessary  to  relate 
the  infant’s  Aveight  to  his  height  (length)  as  well  as  to  his 
age;  the  baby  can  then  readily  be  classified  as  average, 
slender,  or  fat.  When  weight  is  related  to  height,  little 
difference  exists  in  Aveights  of  boy  and  girl  infants,  that 
is,  girls  55  cm.  long  Aveigh  practically  the  same  as  boys  the 

same  length. 
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Regardless  of  birth  weight,  a  loss  of  200  to  2o0  (jiii.  ( ^  to 
8  ounces)  occurs  during  the  first  week  of  life.  This  loss  is 
due  in  large  part  to  emptying  the  intestine  of  material 
accumulated  before  ])irth  (meconium).  About  one-fifth  of 
the  weight  loss  is  due  to  a  deficit  in  tlie  food  intake  during 
the  first  week  in  relation  to  the  requirement.  After  the 
baby  receives  sufficient  food,  this  lost  weight  is  soon  re¬ 
gained,  and  the  well  infant  will  maintain  a  weight  within 
the  normal  range  for  his  length  throughout  the  period  of 
infancy. 


bftoZs  MerSZ)*'"® 


While  tlie  actual  weight  of  a  baby  at  any  given  time  de¬ 
pends  on  his  length  and  state  of  nutrition,  regular  gain  in 
weight  is  one  of  the  important  criteria  of  progress.  A  baby 
who  is  gwen  a  proper  diet  and  is  gaining  well  is  usually 
living  m  all  other  respects.  Gain  in  weight,  however,  if 
continued  for  a  month  or  more  without  accompanying  gain 
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in  length,  may  be  an  indication  of  improper  feeding.  A 
young  baby  should  be  weighed  at  least  twice  a  week;  once 
a  week  is  siillicient  after  two  months  of  age.  The  average 
healthy  infant  doubles  his  birth  weight  by  four  or  five 
months  of  age  and  triples  it  by  the  end  of  the  first  year. 

Growth  of  Prematurely  Born  Infants 

Any  infant  weighing  less  than  2500  (ini.  at  birtli  is 
usually  considered  immature,  the  majority  of  such  liabies 
being  those  prematurely  born,  that  is,  born  after  less  than 
270  days  of  gestation.  These  infants  have  a  more  difficult 
period  of  adjustment  to  extrauterine  life  than  do  full-term 
infants,  and  often  growth  is  slower  in  starting.  After  gain 
in  weight  is  well  established,  it  is  rapid:  often  the  birth 
weight  is  doubled  at  two  months  and  quadrupled  at  a  year. 
While  these  percentage  gains  are  greater  than  those  of  a 
full-term  infant,  the  actual  weight  gain,  in  pounds  or 
grams,  is  often  less  than  that  attained  by  the  full-term  in¬ 
fant.  Similarly,  growth  in  length  may  be  10  cm.  (4  in.) 
or  more  greater  than  average  during  the  first  year,  yet 
often  the  prematurely  born  baby  at  a  year  of  age  is  still 
below  average  height  of  full-term  infants.  Infants  born 
only  slightly  prematurely  may  make  up  their  deficiency 
and  be  equal  to  the  average  by  the  end  of  the  first  year. 
In  general,  however,  it  appears  that  the  infant  born  sev¬ 
eral  weeks  prematurely  cannot  be  expected  to  “catch  up” 
with  his  normal  siblings  in  either  height  or  weight  until 
he  is  two  or  more  years  old. 

Head 

The  head  of  a  newborn  infant  is  twice  as  large  in  propor¬ 
tion  to  the  remainder  of  the  body  as  is  the  head  of  an  adult. 
The  head  also  grows  more  rajiidly  during  infancy  than  at 
any  later  time,  attaining  approximately  one-half  of  its  total 
postnatal  increase  in  circumference  during  the  first  year. 
Like  the  growth  of  the  body  as  a  whole,  growth  of  the  head 
is  most  rapid  in  early  infancy  and  becomes  appreciably 
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slower  toward  tlie  end  of  tlie  first  year.  Head  size  is  de¬ 
termined  most  simply  by  the  circumference,  measured  over 
the  greatest  prominence  of  the  occiput  and  of  the  glabella. 
Measurements  of  head  circumference  immediately  after 
birth  may  be  somewhat  misleading  because  of  molding  of 
the  head  in  its  passage  through  the  birth  canal.  The  head 
circumference  of  boys  not  only  exceeds  that  of  girls  at 
birth  but  increases  at  a  faster  rate  during  the  iirst  six 
months.  At  birth  the  difference  in  head  size  between  the 
sexes  averages  0.6  cm.  (0.25  in.) ;  by  six  months  of  age 
it  has  increased  to  1.2  cm.  (0.5  in.).  From  six  months  to 
two  years  the  difference  in  head  size  remains  constant  at 
1.2  cm.  (0.5  in.).  The  mean  head  girth  for  newborn  boys 
is  34.5  cm.  (13.6  in.)  and  for  girls,  33.9  cm.  (13.3  in.).  At 
three  months  of  age  the  mean  values  for  the  two  sexes  are 
40.4  and  39.4  cm.  (15.8  and  15.5  in.),  respectively;  at  six 
months  43.7  and  42.5  cm.  (17.2  and  16.8  in.)  ;  at  nine  months 
45.6  and  44.5  cm.  (17.9  and  17.5  in.) ;  at  twelve  months  46.7 
and  45.5  cm.  (18.4  and  17.9  in.) ;  and  at  two  years  49.2  and 
48  cm.  (19.4  and  18.9  in.),  respectively.  The  range  of 
variation  among  normal  infants  at  all  ages  is  close  to  0.85 
cm.  (i/a  in.)  on  either  side  of  the  mean.  Growth  of  the 
head  continues  even  with  marked  underfeeding,  so  that 
the  head  of  an  undernourished  baby  may  appear  dispro¬ 
portionately  large  as  compared  with  the  remainder  of  the 
body.  As  the  growth  of  the  head  is  determined  by  the  rate 
of  growth  of  the  brain,  if  for  any  reason  growth  of  the 
brain  becomes  arrested,  the  head  circumference  remains 


The  face  is  relatively  small  in  infancy;  the  greater  part 
of  the  head  IS  occupied  by  the  brain.  The  cranium  or  brain 

At  birth  these  are  all  separate.  The  boundary  between  any 
'0  IS  called  a  suture,  and  the  .iunction  of  three  or  more  is 
known  as  a  fontanel.  Six  fontanels  exist  at  birth,  but  not 

ufaL  ''ti  in  a  full-term 

mtant.  These  are  both  located  in  the  midline  ami  are 


26 


INFANT  NUTRITION 


designated  as  anterior  and  posterior.  The  posterior  fon¬ 
tanel  may  be  closed  at  birth  and  normally  is  closed  by  the 
end  of  the  second  month.  The  anterior  fontanel  remains 
open  for  many  months.  In  the  normal  child  it  is  nsnally 
closed  by  eighteen  months ;  in  many  robust,  well-nourished 
babies  it  may  be  closed  at  one  year  or  even  earlier.  Ar¬ 
rested  brain  development  is  accompanied  by  early  fon¬ 
tanel  closure.  Delay  in  closure  is  caused  most  often  by 
those  conditions  in  which  calcification  is  delayed,  such  as 
ilckets  and  cretinism. 


Teeth 

All  of  the  first  or  deciduous  set  of  teeth  begin  to  develop 
before  birth.  Calcification  of  the  first  teeth  begins  in  the 
fourth  month  of  fetal  life,  the  incisors  being  calcified  first. 
All  the  deciduous  teeth  are  in  process  of  calcification  by 
the  sixth  month  of  fetal  life.  The  process  of  enamel  and 
dentine  formation  begins  in  the  crown  and  gradually  ex¬ 
tends  toward  the  base  of  the  tooth.  The  mother’s  health 
and  nutrition  during  pregnancy  play  a  considerable  role 
in  the  efficiency  of  calcification  of  the  deciduous  teeth.  The 
first  permanent  molar  liegins  to  calcify  at  the  time  of  birth. 
The  deciduous  molars  are  only  partly  calcified  at  this 
time.  Calcification  of  the  permanent  central  incisors,  cus¬ 
pids  and  upper  lateral  incisors  has  begun  by  six  months 
of  age.  The  permanent  upper  lateral  incisors  begin  to 
calcify  at  about  one  year  of  age,  the  first  bicuspids  at  about 
two  years  and  the  second  molars  at  about  two  and  one-half 
years.  Thus  the  character  of  many  of  the  deciduous  teeth 
and  all  the  i)ermanent  teeth  will  depend  largely  on  the 
nutrition  during  infancy  and  early  childhood. 

The  twenty  teeth  of  the  first  set  are  not  completely 
erupted  until'the  child  is  two  to  two  and  one-half  years  old 
Usually  the  first  teeth  to  erupt  are  the  two  lower  central 
incisors,  then  the  two  upper  central  incisors  and  the  two 
upper  lateral  incisors.  These  six  teeth  often  are  presen 
by  nine  months  of  age  and  should  all  be  erupted  by  the  fiist 
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birthday.  The  lower  lateral  incisors  and  the  four  anterioi 
molars  erupt  between  the  ninth  and  eighteenth  months. 
The  four  canines  (“eye”  and  “stomach”  teeth)  and  the 
four  posterior  molars  appear  when  the  child  is  fifteen  to 
thirty  months  of  age. 

Many  otherwise  normal  infants  do  not  conform  strictly 
to  the  stated  schedule.  Well-nourished  children  tend  to 
erupt  their  teeth  somewhat  earlier  than  average;  marked 
d^lay  in  dentition  may  be  due  to  rickets  or  to  thyroid  de¬ 
ficiency.  The  eruption  of  teeth  is  a  physiologic  process 
and,  while  it  may  cause  some  discomfort  and  restlessness, 
should  not  be  associated  with  anj’  real  illness.  Occasion¬ 
ally  an  infant  develops  loss  of  appetite  and  irritability, 
slight  fever,  and  lessened  digestive  capacity,  so  tliat  if  his 
customary  diet  is  continued,  diarrhea  may  develojD.  The 
general  tendency  of  mothers  to  ascribe  all  illness  occur¬ 
ring  during  this  period  to  “teething”  results  in  much  harm, 
since  the  true  cause  ot*  the  illness  is  left  undiagnosed  and 
untreated. 


Chest,  Lungs,  and  Heart 

The  circumference  of  the  chest  at  birth  is  slightly  smaller 
than  that  of  either  the  head  or  the  abdomen  and  averages 
about  34  cm.  (13.5  in.).  At  about  the  end  of  the  first  year 
the  head,  chest,  and  abdomen  are  al)Out  the  same  in  cir¬ 
cumference;  thereafter  the  chest  grows  more  rapidly  than 
either.  In  prematurely  born  infants,  the  disproportion  be¬ 
tween  head  and  diest  is  more  marked  than  in  normal  in¬ 
fants;  undernourished  infants  have  the  same  appearance, 
as  the  chest  fails  to  develop  as  rapidly  as  the  head.  The 
chest  cavity  of  the  young  infant  is  somewhat  funnel-shaped. 
)eing  narrow  at  tlie  top  and  widening  at  tlie  diaphragm’ 
Willie  in  cross  section  it  is  almost  circular.  As  the  infant 
pows,  the  chest -cavity  becomes  relatively  larger  at  the 
top,  and  widens  so  that  the  transverse  diameter  becomes 
^reater  than  the  anterior-posterior. 

civ'll*'’!,  is  soft  and  flexible 

lefly  because  of  the  large  amount  of  cartilage  at  the 
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sternal  end  of  the  rilis.  At  hirth  tlie  ribs  are  almost  at 
right  angles  to  the  long  axis  of  the  body.  Tjittle  change 
in  angulation  occurs  during  infancy. 

The  lungs  of  the  newborn  infant  are  characterized  by 
having  relatively  larger  trachea  and  bronchi,  more  in¬ 
terstitial  tissue,  and  smaller  alveoli  than  those  of  adults. 
Aeration  of  the  lungs  may  not  be  complete  for  several  days 
after  birth.  Resxiirations  are  rapid  and  irregular,  even 
slight  disturbances  causing  a  marked  increase  in  rate.  The 
rate  during  slee]3  averages  about  40  a  minute,  but  may  in¬ 
crease  to  60  during  excitation.  The  depth  of  respiration, 
as  well  as  the  rhythm,  is  irregular  and  may  be  periodic. 
Kegular  rhythmic  respiration  is  not  established  until  the 
end  of  the  second  year. 

The  heart  is  a  little  larger  in  proportion  to  the  body 
weight  at  birth  than  in  later  life.  The  size,  shape,  and  posi¬ 
tion  are  as  variable  among  infants  as  among  adults.  The 
rate  of  growth  of  the  heart  is  negligible  for  the  first  three 
or  four  months;  then  its  growth  rate  parallels  that  of  the 
body  as  a  whole  until  the  end  of  the  first  year.  The  resting 
contraction  rate  is  rapid,  from  120  to  150  to  the  minute 
during  the  first  month,  and  100  to  140  a  minute  during  the 
remainder  of  the  year.  Like  the  respiratory  rate,  the  heart 
rate  is  characterized  by  instability,  small  stimuli  producing 
relatively  large  increases  in  rate,  even  in  health  and  dur¬ 
ing  sleep.  It  has  been  observed  that  the  ratio  of  respira¬ 
tory  rate  to  pulse  rate  usually  approximates  1:4.  The 
systolic  blood  pressure  is  about  80  millimeters  of  mercury 
at  birth  and  increases  to  95  or  100  by  two  weeks  of  age. 
The  circulation  rate  is  about  twice  as  rapid  in  infants  as 
in  adults,  the  entire  round  being  accomplished  in  about 
twelve  seconds. 

Stomach  and  Intestinal  Tract 

The  position  of  the  stomach  during  early  infancy  is  al- 
most  transverse.  As  the  infant  grows  older  and  assumes 
the  upright  position  for  a  portion  of  the  day,  the  pyloric 
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end  of  the  stomach  moves  downward.  The  physiologic 
capacity  of  the  stomach  is  always  greater  than  the  ana¬ 
tomic  capacity  for  two  reasons:  the  stomach  is  capable 
of  considerable  distention  and  some  food  leaves  the  stomach 
while  the  infant  is  still  eating.  The  physical  capacity  of 
the  stomach  is  indicated  by  the  amounts  of  food  normally 
taken  by  the  breast-fed  infant  (Table  T). 


Table  I 


Amounts  of  AIii,k  Taken  at  a  Feeding  by  Average-Sized  Normal 

Breast-Fed  Infants 


AGE 

QUANTITY 

AGE 

QUANTITY 

OZ.  ML. 

OZ.  ML. 

1  week 

2  weeks 

1  month 

2  months 

2.5  75 

3.0  90 

4.0  120 

4.5  135 

4  months 

6  months 

8  months 

1  year 

6  180 

7  210 

8  240 

8  240 

The  chief  difference  in  the  intestinal  tract  of  the  young 
infant  and  the  adult  lies  in  the  fact  that  in  the  infant  the 
ascending  and  descending  portions  of  the  colon  are  short 
compared  Avith  the  transverse  colon.  The  sigmoid  at  birth 
is  greatly  distended  Avith  meconium  and  throughout  in¬ 
fancy  extends  higher  into  the  abdomen  than  during  later 
life. 


iiiver 

dhe  livei  of  the  full-term  infant  is  large  in  proportion  to 

the  remainder  of  the  body.  The  loAver  border  is  frequently 

1  to  2  cm.  beloAv  the  costal  margin.  It  doubles  in  Aveight 

during  the  first  year,  thus  increasing  in  size  less  rapidlv 

than  the  body  as  a  Avhole.  The  gall  bladder  ca])acitv  is 

smaller  in  relation  to  liver  size  in  the  neAvborn  infant  than 
m  the  adult. 

The  liver  of  the  newborn  infant  is  relatively  immature 
functionally  The  rapid  blood  destruction  that  occurs  dnr- 
ng  the  first  ten  days  after  birth  would  throw  an  excessive 
load  on  even  a  maturely  functioning  liver,  and  some  degree 
of  icterus  is  considered  phvsiolo^dc  Mm-a  i 

.cterus  often  is  observe, 1  in  those  iirfants  whose  cfiXhave 
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Oeen  clamped  late,  and  who  thus  have  more  hemogdobin. 
T1  le  liver  of  the  prematurely  horn  infant  is  even  more  im¬ 
mature  functionally  than  that  of  the  baby  born  at  term, 
and  jaundice  is  almost  invariable. 

Urinary  Tract 

At  the  time  of  birth  the  kidney  is  fiinclioning,  but  not 
as  efficiently  as  that  of  the  adult.  Both  the  rate  of  glom- 
ernlar  filtration  and  the  rate  of  reabsorption  through  the 
tubules  are  lower  than  in  adults.  The  urinary  output  is 
small  for  the  first  few  days,  for  the  reason  that  the  fluid 
intake  is  small  (sometimes  less  than  30  c.c.)  and  the  water 
loss  through  the  lungs  is  large.  The  output  of  urine  during 
the  first  24  hours  may  be  only  5  c.c.  and  rarely  is  more 
than  75  c.c.  As  the  young  infant  is  unable  to  excreta  con¬ 
centrated  urine,  nitrogenous  waste  accumulates  in  the 
blood.  By  the  end  of  the  first  week  the  amount  of  urine 
is  adequate  to  remove  Avaste.  The  excretion  of  uric  acid 
is  high  during  the  first  Aveek,  relatiA’ely  higher  than  at  any 
time  later.  The  amount  excreted  often  exceeds  that  Avhich 
is  easily  soluble,  and  broAvnish  crystals  of  precipitated  uric 
acid  are  found  in  the  urine.  The  maximum  uilc  acid  ex¬ 
cretion  is  obseiwed  at  al)out  the  third  or  fourth  day;  there¬ 
after  the  amount  decreases  rapidly.  During  the  remainder 
of  infancy  the  daily  volume  of  urine  varies  from  200  to 
900  C.C.,  ciepending  on  the  size  of  the  infant,  the  tem])era- 
ture  and  humidity  of  the  environment,  the  fluid  intake,  and 
other  factors.  The  urine  is  often  neutral  or  alkaline,  as 
the  infant’s  normal  diet  contains  an  excess  of  base. 

Skeleton  (Bone) 

Bone  in  the  human  being  is  formed  largely  from  carti¬ 
laginous  and  to  a  lesser  extent  from  membranous  struc- 
tures.  Mineralization  starts  at  many  separate  points,  called 
centers  of  ossification,  and  sradually  spreads  tlirougliont 
the  structure.  Over  800  centers  of  ossification  are  formed 
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in  the  l)ody,  more  than  half  of  them  appearing  after  birth. 
The  regularity  of  appearance  of  these  centers  and  their 
rate  of  mineralization  can  be  used  as  an  index  of  develop¬ 


ment.  In  infancy  the  rate  of  ossification  of  the  carpal 
bones  is  most  used  for  determination  of  the  “skeletal  age.” 
Illness  and  poor  nutrition  delay  the  appearance  of  these 
centers.  The  ejDiphyses  of  the  long  bones  have  independent 
ossification  centers  and  grow  indei^endently  of  the  di- 
aphyses.  Growth  of  the  long  l)ones  occurs  chiefly  at  the 
end  of  the  shaft,  between  it  and  the  un-united  e^jiphysis. 

Chemically,  bone  is  75  per  cent  water  at  birth;  the  re¬ 
maining  25  per  cent  is  made  up  of  the  organic  matrix, 
mineral  salts  (a  calcium-phosifliate-carbonate  complex 
like  the  ajjatite  minerals),  and  fat,  which  is  chiefly  in  the 
marrow  cavities.  During  growth  the  mineral  content  tends 
to  increase  and  the  water  content  to  decrease.  The  rate  at 
which  this  exchange  proceeds  depends  on  the  mineral  and 
vitamin  D  intake  of  the  baby.  The  young  breast-fed  baby 


cannot  maintain  the  per  cent  of  mineral  present  in  bone  at 
birth.  The  percentage  mineral  content,  therefore,  decreases 
until  about  the  third  month,  when  it  begins  to  increase  and 
the  water  content  to  decrease.  The  infant  who  is  given 
cow’s  milk  and  vitamin  D  is  able  to  maintain  the  percent¬ 
age  mineral  content  of  his  skeleton  at  the  birth  level  up  to 
three  months  of  age,  then  to  increase  it  fairly  rapidly.  By 
one  ^eai  the  water  content  of  bone  has  decreased  to  about 
60  per  cent  and  the  mineral  content  has  increased  propor- 
lonately.  The  total  skeleton  comprises  approximately  10 
per  cent  of  the  body  weight  at  birth.  Subsequently’  the 
proportion  increases  to  16  to  20  per  cent,  at  which ‘level 
1  lemains  throughout  life.  Growth  in  length  is  due  en- 
lie  y  to  gTowth  of  the  skeleton;  bone  growth,  in  turn  de¬ 
pends  on  the  nutritional  status  and  on  heredity.  A  poorly 
ted  infant  may  continue  to  grow  in  length  for  a  tiine  but 
w hen  powth  ceases,  often  a  fairly  long  period  of  adequale 
tiition  IS  required  before  growth  is  again  resumed.^ 
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Skin,  Hair,  and  Subcutaneous  Tissues 


At  birth  the  skin  of  the  Caucasian  infant  is  bluish  red 
in  color,  fading  to  a  light  pink  within  two  weeks.  A  yel¬ 
lowish  coloration,  which  may  be  more  or  less  marked,  often 
develops  during  the  second  or  third  day  when  destruction 
of  excess  of  blood  pigment  begins.  Persistent  or  increasing 
jaundice  after  the  second  week  of  life  is  abnormal.  During 
the  first  month  some  desquamation  of  the  superficial  layers 
of  the  skin  normally  occurs.  The  sweat  glands  are  rela¬ 
tively  inactive  at  birth,  but  usually  attain  full  activity 
within  a  few  weeks.  The  very  young  baby  also  does  not 
develop  “gooseflesh,”  and  this  means  of  determining  ex¬ 
cess  coolness  of  the  body  cannot  be  used  during  the  first 
months  of  life. 

The  amount  of  hair  varies  greatly  among  newborn  in¬ 
fants.  The  hair  usually  is  dark,  soft,  and  fine,  and  may  be 
two  inches  long.  Some  babies  lose  this  first  hair  early  and 
completely,  while  others  seem  to  lose  it  only  as  new  hair 
replaces  the  first  growth.  Friction  of  the  head  against  the 
bedclothes  often  keeps  the  newly  grown  hair  rubbed  off 
and  accelerates  the  loss  of  the  original  growth.  Many  new¬ 
born  babies  have  fine  downy  hair  (lanugo)  thickly  dis¬ 
tributed  over  the  body,  especially  on  the  back  and  legs; 
these  fine  hairs  disappear  within  a  week  or  two. 

The  amount  of  subcutaneous  fat  differs  greatly  among 
newborn  infants,  but  the  well-fed  infant  soon  develops  a 
sufficient  layer  of  fat  to  give  to  the  skin  its  characteristic 
soft,  springy  character.  The  well  baby  of  two  months  or 
more  should  have  a  skin  pink  in  color,  and  moist  and 
elastic  to  the  touch.  One  of  the  first  evidences  of  poor 
nutrition  is  loss  in  degree  of  turgor  of  the  skin;  the  skin 
and  subcutaneous  tissues  become  loose,  flaliby,  and  in¬ 


elastic.  ,  .  «  X 

Lymphatic  System 

The  lymphatic  organs  are  well  developed  at  birth  and 
grow  rapidly  during  infancy.  The  rate  of  giowth,  pai- 
ticularly  of  the  lymph  nodes,  seems  to  be  rather  in  response 
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ro  infection  tlian  related  to  Ixxlily  develojniient.  Pin* 
lymphatic  res])onse  to  infection  is  cliaracteristic  of  infancy 
and  early  cliildhood;  because  ot  tlie  lack  of  innnunologi(' 
defense,  infections  are  likely  to  reach  the  lymph  nodes. 

The  thymus  is  a  lymphatic  organ  Avhich,  like  the  tonsils 
and  adenoids,  increases  rapidly  in  size  in  early  life  and 
undergoes  regressive  changes  in  late  childhood.  The  thy¬ 
mus  atrophies  quickly  in  illness,  even  of  short  duration; 
therefore  a  thymus  of  normal  size  is  seen  at  autopsy  only 
in  cases  of  sudden  death.  In  the  past  this  difference  in  the 
size  of  the  thymus  in  sudden  death  and  after  illness  gave 
rise  to  the  concept  of  an  abnormally  large  thymus  as  the 
cause  of  death,  the  so-called  ‘‘status  thymo-lymphaticus. ’ ’ 
This  concept  is  now  viewed  with  considerable  skepticism. 


The  Nervous  System 


The  brain  of  a  newborn  infant  is  large  in  comparison 
with  the  body  as  a  whole.  Also  it  grows  more  rapidly  than 
the  body  for  the  first  few  months,  but  growth  of  the  brain 
begins  to  slow  in  midinfancy  and  is  j)ractically  complete 
by  seven  years  of  age.  The  functional  development  of  the 
brain  is  far  behind  its  anatomical  development  and  is  slow¬ 
est  of  any  organ,  leading  to  a  long  period  of  dependence. 
Because  of  the  slow  development  of  mental  and  other  brain 
functions,  environment  exerts  a  greater  influence  on  the 
human  than  on  other  species. 


Certain  motor  patliAvays  in  tlie  spinal  cord  do  not  liave 
t  ieir  myelin  sheatlis  completed  at  birth.  Until  these 
s  leaths  develop,  those  nerve  fillers  do  not  function.  On 
the  other  luuid  the  inhibitory  effect  of  the  mature  brain 

^'®®PO”ses  to  sensory  stimuli  is  mueli  dimiu- 
ishe  1  n  the  immature  brain  of  the  newborn.  This  lack  ot 
mlubi  ory  influence  accounts  for  the  greater  incidence  o 
convulsions  in  mild  illnesses  and,  in  cases  ot  birt  i^  irv 
toi  the  resu  ting  spasticity.  The  diiniuisheil  moto;-  -e’ 
sponses  due  to  nomuyelinization  feud  to  neutrali7e  the 
aggerated  motor  responses  due  to  noninldSrJl^;:;,:: 
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As  tlie  rate  of  development  of  these  functions  varies  con¬ 
siderably,  the  variation  in  reflex  response  among  infants 
of  the  same  age  is  far  wider  than  among  older  children. 

Tendon  Reflexes. — The  patellar  reflex,  or  knee-jerk  is 
sometimes  exaggerated  in  early  infancy.  The  jaw  reflex 
is  also  present  at  birth.  The  Achilles  reflex  often  is  dif¬ 
ficult  to  obtain  in  many  young  infants,  but  it  is  present 
in  the  majority  of  older  infants. 

Snperflcial  Reflexes. — The  corneal  and  pupillary  reflexes 
are  present  at  birth,  as  are  the  swallowing  and  lip  reflexes; 
the  last-named  gradually  disappears.  The  genital  reflex 
is  usually  obtainable  under  one  month  of  age.  The  ab¬ 
dominal  reflex  appears  irregularly  during  the  first  half 
year  of  life  but  is  regularly  obtained  by  the  end  of  the 
first  year.  The  x^lantar  or  Babinski  reflex  produces  exten¬ 
sion  of  the  toe  (dorsal  flexion)  in  most  babies  until  the  time 
of  walking  (twelve  to  fifteen  months)  after  which  the  cus¬ 
tomary  plantar  flexion  response  is  obtained. 

Although  at  birth  the  infant’s  cerebrum  has  little  in¬ 
fluence  on  his  reactions,  certain  coordinated  acts  can  be 
carried  out  even  on  the  first  day  of  extrauterine  life.  The 
normal  newborn  infant  is  able  to  suckle  and  to  swallow. 
He  can  cry,  sneeze,  yawn,  and  hiccup.  If  his  hands  are 
placed  around  a  rod,  they  will  grasp  the  rod  so  tightly 
that  when  the  rod  is  raised,  the  baby  hangs  by  his  hands. 
This  so-called  grasping  reflex  disappears  by  three  months 
of  age. 

The  functional  development  of  the  nervous  system  of 
an  infant  is  of  greater  importance  than  the  anatomical 
growth.  Increase  in  functional  capacity  is  shown  by  a  well- 
ordered  progress  of  increasing  cerebral  control  over  body 
motion.  Control  of  the  trunk  is  learned  before  control  of 
the  extremities;  control  of  the  large  muscles  before  that  of 
the  small.  Early  attempts  at  any  muscular  achievement 
are  very  unsteady;  precision  of  movement  is  attained 
very  slowly. 
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The  Special  Senses 

Touch.— The  sense  of  touch  is  probably  the  most  highly 
developed  of  the  special  senses  at  birth.  A  light  touch 
wakens  a  sleeping  young  infant  immediately,  startles  the 
infant  already  aAvake.  Touching  the  lips  starts  the  leflex 
of  sucking  in  the  newborn.  The  lijis  and  mouth  are  verA 
sensitive  tactile  areas  5  much  of  the  infant  s  investigation 
of  objects  is  accomplished  by  putting  them  in  his  mouth. 

Pain. — Sensitivity  to  pain  is  less  acute  in  the  young  in¬ 
fant  than  in  the  older  child.  The  infant  often  appears 
wholly  indifferent  to  the  reddened  and  inflamed  areas 
around  the  site  of  vaccination  or  immunization. 

Smell  and  Taste. — These  senses  are  not  acute  in  the 
young  infant.  Because  of  this  it  appears  wiser  to  start 
the  use  of  highly  flavored  fruits  and  A^egetables,  as  well  as 
of  fish-liver  oil,  before  the  sense  of  taste  is  too  well  de¬ 
veloped.  Too  frequently,  only  bland  foods  are  fed  as  sup¬ 
plements  to  the  infant’s  diet,  and  as  taste  perception  de¬ 
velops,  more  highly  flavoi'ed  foods  are  rejected. 

Hearing. — At  birth,  the  middle  ear  contains  no  air  and 
embryonic  epithelial  tissue  i)ersists  around  the  eardrum. 
Young  babies  often  seem  deaf.  Soon  sharp  sounds  startle 
the  baby.  By  the  second  or  third  month  the  infant  has 
learned  Ids  mother’s  voice  and  may  associate  certain  other 
familiar  sounds  pertaining  to  his  comfort,  such  as  splash¬ 
ing  of  his  bath  Avater. 

« 

S^ht.— The  sense  of  sight  is  immature  at  l)irth.  Light 
(biiing  the  first  feAv  Aveeks  ap]iarently  causes  discomfort. 
The  muscular  control  of  the  eyes  is  poor  so  that  true  binoc¬ 
ular  vision  occurs  only  by  cliance  in  the  neAvborn.  The 
eyes  move  but  not  together,  nor  do  they  tend  to  focus  on 
any  given  object.  After  about  a  month,  the  baby  Avill  focus 
for  a  few  seconds  on  a  bright  object  held  a  feAv  inches  from 
his  face.  TTis  eyes  may  even  follow  the  object,  but  for  a 
very  short  space  only.  The  ability  to  focus  on  and  folloAv 
a  slowly  moving  object  dependably  is  not  attained  until 
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between  the  tliinl  and  foiirtli  months  of  age.  The  eyes 
occasionally  move  independently  for  some  time  after  that. 
By  about  four  months  the  baby  obviously  recognizes  famil¬ 
iar  objects  and  persons. 

Body  Temperature 

Tlie  newborn  infant  has  not  yet  developed  the  ability  to 
maintain  tlie  body  temperature  at  the  normal  level.  Even 
the  older  infant  cannot  maintain  body  temperature  during 
prolonged  exposure  to  extremes  of  temperature.  The  main¬ 
tenance  of  correct  body  temperature  in  an  infant  must  be 
the  responsibility  of  the  attending  adult.  Covers  should 
be  light  but  warm,  and  should  not  impede  motion.  During 
periods  of  excessive  heat,  tepid  baths  and  sprinkling  the 
baby’s  bed  with  warm  water  are  helpful  in  keeping  body 
temperature  from  rising  above  the  normal  level.  The  usual 
tendency  of  attendants  appears  to  be  in  the  direction  of 
keeping  the  liaby  too  warm. 

Skeletal  Muscle  and  Motor  Behavior 

Skeletal  muscle  comprises  approximately  25  per  cent  of 
the  body  weight  of  the  infant  in  contrast  with  40  to  45  per 
cent  of  the  body  weight  of  the  adult.  This  low  proportion 
of  total  muscle  weight  to  total  body  weight  persists 
thronghont  the  period  of  infancy. 

At  the  time  of  birth,  and  during  the  first  week  or  two, 
the  muscular  movements  of  the  infant  are  not ’very  active 
or  well  coordinated.  He  Avill  cry,  draw  up  the  legs,  and 
grasp  any  object  placed  in  the  palm  of  the  hands.  The  one 
set  of  mnsciilar  movements  in  which  even  the  newly  born 
normal  infant  shows  proficiency  is  sucking.  When  placed 
at  the  breast  or  when  a  ni])iile  is  put  in  the  month,  the  in¬ 
fant  siK'ks  vigorously  and  effectively. 

Motor  behavioi-  throughout  infancy  de]iends  in  large 
measure  on  mental  development  and  the  state  of  health. 
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Wlien  tliese  J'actors  are  normal,  ilie  motor  (level()j)Dient  of 
the  infant  ])rogresses  j-egnlai'Iy,  the  rate  ot  progress  being 
slow  for  the  lirst  months  and  i)rogi-essively  more  rapid  sub¬ 
sequently.  The  exaet  age  of  aehievenient  of  certain  abili¬ 
ties  depends  in  considerable  measure  on  the  veiituiesoine- 
ness  of  the  individual  infant  and  on  the  amount  of  atten¬ 
tion  given.  In  general,  the  following  progression  of  inotoi 
development  may  be  expected. 

For  the  tirst  three  or  four  weeks  an  infant  is  unable  to 
change  his  position  or  raise  his  head  when  on  his  back. 
Kandom  movements  of  arms  and  legs  occur  and  may  l)e 
vigorous  in  a  strong  baby.  By  the  third  month  an  infant 
can  hold  the  head  erect  when  the  body  is  supported.  In¬ 
ability  to  do  so  by  the  end  of  the  fourth  month  is  usually 
indicative  of  physical  or  mental  abnormality.  At  two  to 
three  months  the  muscles  of  the  eyes  coordinate  fairly 
well,  and  by  three  to  four  months  the  eyes  will  follow  a 
bright,  moving  object  held  a  short  distance  from  the  face. 
When  this  occurs,  the  I)aby  begins  to  reach  awkwmrdly 
for  objects.  When  objects  are  placed  in  the  hand,  his 
grasp  is  still  inaccurate,  but  at  five  to  seven  months  the 
baby 
objects. 

The  neuromuscular  maturity  of  the  mouth  and  throat  is 
sufficiently  developed  by  the  fourth  month  so  that  the  in¬ 
fant  can  be  taught  to  take  semisolid  food  from  a  spoon. 
Some  infants  can  learn  this  procedure  earlier,  l)ut  if  spoon 
feeding  is  begun  too  earlyg  so  that  the  infant  is  too  imma¬ 
ture  to  mjister  it,  undesirable  behavior  reactions  occur 
whicli  may  make  spoon  feeding  difficult  for  months. 

By  the  fifth  or  sixth  month  a  baby  can  sit  alone  for  short 
periods,  and  sit  well  with  support.  At  seven  to  eight 
months  he  can  sB  unsupported  and  maintain  a  straight 
3ack.  Many  babies,  particularly  those  often  played  with 
by  adults,  will  attenpit  to  stand  as  early  as  five  months, 


attains  fair  accuracy  in  reaching  for  and  holding 
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^v hen  supported,  hew  babies  stand  well,  even  with  sup¬ 
port,  before  the  seventh  or  eigbtli  month,  hut  most  infants 
do  so  easily  liy  nine  or  ten  montlis  of  age.  By  the  seventli 
01  eighth  month  most  babies  will  creep  a  short  distance, 
tliough  some  babies  never  cree^j.  By  nine  months  most 
babies  will  pull  themselves  to  standing  in  the  crib  or  be¬ 
side  furniture.  Walking  with  support  begins  at  about  this 
period,  but  walking  alone  is  not  achieved  until  twelve  to 
sixteen  months  of  age  and  is  accompanied  by  frequent  falls. 

Blood 

The  relative  blood  volume,  the  red  cell  count  and  the 
hemoglobin  concentration  are  higher  at  birth  than  at  any 
time  later.  The  blood  constitutes  about  12  per  cent  of  the 
total  body  weight  in  the  newborn  infant,  and  at  eight  to  ten 
months  of  age  it  is  still  10  per  cent  or  more  of  the  body 
weight;  in  the  adult,  blood  accounts  for  aliout  9  per  cent 
of  the  weiglit  of  the  body. 

In  the  case  of  infants  who  have  been  underfed  or  who 
have  become  dehydrated,  the  absolute  volume  of  the  blood 
is  decreased,  but  not  necessarily  to  the  same  extent  as  the 
decrease  in  weight.  Decrease  in  the  blood  volume  regu¬ 
larly  results  in  marked  impairment  of  the  circulation.  We 
have  observed  malnourished  and  dehydrated  infants  in 
whom  the  volume  flow  of  the  blood  in  the  extremities  was 
less  than  one-tenth  of  the  normal.  The  volume  flow  in  the 
internal  organs,  although  not  susceptible  to  accurate 
measurement,  appears  also  to  be  decreased,  and  results  in  a 
diminished  degree  of  absorption  from  the  gastrointestinal 
tract,  as  well  as  functional  incapacity  of  the  heart  and  some 
of  the  secreting  organs. 

The  hemoglobin  content  of  the  blood  at  birth  varies  from 
15  to  25  grams,  averaging  about  22  grams  to  each  100  milli¬ 
liters.  It  seems  generally  agreed  that  the  high  hemo¬ 
globin  content  is  a  result  of  the  low  oxygen  tension  in  the 
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placenta.  After  the  infant’s  lungs  begin  to  function  in  air, 
this  quantity  of  hemoglobin  is  unnecessary,  and  the  excess 
is  destroyed.  The  period  of  ‘‘physiological  blood  destruc¬ 
tion”  lasts  for  eight  to  ten  weeks.  The  destruction  is  most 
rapid  during  the  first  week  or  two,  and  the  rapid  con¬ 
version  of  blood  pigment  to  bile  pigment  is  probably  re¬ 
sponsible,  at  least  in  part,  for  the  icterus  of  the  young  in¬ 
fant. 

Much  of  the  iron  of  the  destroyed  hemoglobin  is  con¬ 
served  by  the  infant  and  used  later.  The  minimum  hemo¬ 
globin  level  is  reached  between  eight  and  twelve  weeks 
of  age.  By  this  time  the  hemoglobin  has  decreased  to  a 
level  of  from  10  to  12  grams  to  each  100  milliliters  of 
blood.  A  slight  rise  then  usually  occurs,  perhaps  under 
the  stimulus  of  the  increased  store  of  iron  in  the  liver. 
After  about  the  fifth  or  sixth  month,  unless  some  form  of 
iron  is  fed,  the  hemoglo])in  decreases  steadily  as  the  body 
stores  become  exhausted.  The  iron  saved  from  the  de¬ 
stroyed  hemoglobin  amounts  to  from  100  mg.  to  a  maxi¬ 
mum  of  300  mg.  with  an  average  of  about  150  mg.  Ap¬ 
proximately  another  50  mg.  is  already  stored  in  the  liver 
at  birth.  By  six  months  of  age  both  of  these  sources  are 
used  up  in  maintaining  hemoglobin.  Milk,  either  human  or 
cow’s,  contains  little  iron;  other  sources  must  be  added 
by  six  months,  or  soon  thereafter,  to  prevent  development 
of  nutritional  anemia. 


Piematuiely  born  infants  have  small  iron  reserves  be¬ 
cause  of  their  smaller  total  blood  volume  and  because 
storage  of  iron  in  the  fetal  liver  does  not  occur  until  toward 
the  end  of  gestation.  These  infants  are  thus  particularly 
liable  to  become  anemic,  and  additional  sources  of  iron 
should  be  given  early  in  life. 


yie  red  ))lood  corpuscles  of  the  newly  born  full-term 
intant  usually  number  well  over  5,000,000  for  each  cubic 
imlhmeter  and  are  occasionally  as  high  as  8,000,000.  Nu¬ 
cleated  red  blood  cells  may  be  present  during  the  first 
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^^eelv  of  life,  but  they  are  not  found  under  normal  condi- 
tions  after  tliis  time.  The  mimher  of  red  blood  corpuscles 
c  iminislies  rapidly  during  the  first  few  weeks  to  a  level 
of  3,o00,000  to  4,500,000  for  each  cul)ic  millimeter.  During 
the  lattei  half  of  infancy  the  red  blood  cell  count  varies 
usually  between  four  and  five  million  for  each  cubic  milli- 
metei,  and  tlie  hemoglobin  from  11  to  14  grams  for  each 
100  milliliters.  One  frequently  oliserves  pale,  poorly  nour¬ 
ished  infants  who  have  normal  red  blood  cell  counts.  In 
the  condition  of  anhydremia  the  red  l)lood  cell  count  usually 
is  distinctly  above  normal,  although  the  infants  are  ac¬ 
tually  suffering  from  greatly  decreased  total  hlood  quan¬ 
tity.  It  is  essential  that  one  should  distinguish  between 
anemia  and  oligemia.  An  infant  with  a  normal  red  cell 
count  or  a  normal  proportion  of  hemoglobin  may  still  have 
a  greatly  decreased  blood  volume  and  be  in  need  of  trans¬ 
fusion. 

The  white  blood  cell  count  is  variable  in  early  infancy 
and  fluctuates  widely.  At  birth  the  white  corpuscles  vary 
from  15,000  to  25,000  for  each  cubic  millimeter,  with  poly¬ 
morphonuclear  cells  predominating  and  with  many  imma¬ 
ture  forms.  Soon  the  number  decreases  to  between  5,000 
and  20,000,  with  lymphocytes  predominating;  the  average 
is  approximately  12,000  for  the  first  two  years,  with  large 
fluctuations.  Prematurely  born  infants  at  birth  show  a 
large  number  of  immature  cells  of  all  types,  which  may 
persist  in  the  circulation  for  several  months. 

The  percentage  of  polymorphonuclear  cells  during  the 
first  few  days  of  life  varies  from  70  to  75  per  cent  of  the 
total  wliite  cell  count.  By  the  end  of  the  second  week  this 
percentage  decreases  to  30  or  40,  and  at  the  same  time  the 
percentage  of  lymphocytes  increases  to  from  50  to  65  per 
cent.  It  is  not  until  the  fourth  or  fifth  year  of  life  that 
the  percentages  of  ]jolynior]ilionuclear  neutrophiles  and 
mononuclear  cells  become  equal.  4diereatter  a  gradual  in- 
('I'ease  ociturs  in  the  jjolymorphonuclear  ('ells  until  the  adult 
pro])ortion  of  60  to  75  per  cent  is  attained  about  the  twelfth 
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year.  The  percentages  of  eosiiio[)liiles  and  basophiles  in 
the  l)lo()(l  of  tlie  infant  <lo  not  differ  materially  from  those 
in  adult  blocxl.  I  different  ial  white  blood  ('ell  counts  by  the 
Schilling  tecdinicpie  show  distiind  variations  tioni  the  adult 
liemograni;  the  ])ercentag'e  ot  lymphocytes  is  higher,  theie 
are  more  stab  cells  and  juvenile  forms  and  a  lower  percent¬ 
age  of  segmented  forms;  in  the  presence  of  infections  in 
infants,  a  greater  “shift  to  tlie  left”  may  be  observed.  The 
following  table  shows  for  comi)arison  the  Schilling  hemo¬ 
grams  during  infancy  and  during  adult  life. 
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The  blood  may  show  distinct  differentiation  into  the 
usual  blood  types  and  groups  from  the  time  of  birth.  It  is 
therefore  as  necessary  to  match  blood  for  transfusion  of 
the  infant  as  in  the  case  of  older  persons.  The  mother’s 
blood  is  not  always  compatible  with  that  of  the  infant. 


Endocrine  Glands 


In  the  normal  infant,  both  the  thyroid  and  the  islands 
of  Ijangerhans  begin  activity  before  birth.  Congenital 
absence  of  the  thyroid  gives  rise  to  cretinism;  hypoplasia, 
to  infantile  myxedema.  Infants  of  diabetic  mothers  may 
have  inci eased  activity  of  the  islands  of  Ijangerhans,  pre¬ 
sumably  compensating  tor  the  maternal  deficiency;  in  such 
instances  hypoglycemia  must  be  combated  until  readjust¬ 
ment  of  insulin  secretion  occurs. 


Occasionally  tetany  is  encountered  in  the  neonatal 
period.  The  cause  iiresinnahly  is  suppression  of  the  in- 
lant  s  parathyroid  secretion  brought  about  bv  maternal 
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oversecretion.  In  all  sucli  cases  tlie  function  of  the  infant’s 
parathyroid  is  later  re-established,  but  in  the  meantime  the 
convulsions  require  specific  or  symptomatic  treatment. 

The  hormones  that  cause  lactation  in  the  mother  pass 
into  the  fetal  circulation  and  in  many  instances  cause 
breast  secretion  in  the  infant.  Lactation  in  the  infant  is 
transitory  and  does  not  pass  beyond  the  colostrum  stage. 
Both  sexes  are  affected. 

The  thymus  has  been  considered  as  having  an  endocrine 
function.  The  thymus  is  a  lymphatic  organ  and  the  evi¬ 
dence  of  endocrine  activity  is  unconvincing  to  many  ob¬ 
servers. 


CHAPTER  II 

ENERGY  metabolism 

The  metabolic  processes  of  the  infant  are  of  essentially 
the  same  character  as  those  of  the  adult,  but  are  relatively 
much  more  active.  A  large  intake  of  food  for  each  unit 
of  body  weight  is  necessary  in  the  case  of  infants,  not 
only  to  supply  material  for  growth,  but  also  to  allow  for  a 
very  active  energy  exchange. 

The  living  body,  like  a  machine,  requires  fuel  and  ma¬ 
terials  for  repairs  and  replacements.  The  growing  individ¬ 
ual  has  an  additional  requirement  for  growth.  These 
needs  are  met  by  food,  which  must  have  a  sufficient  fuel 
value,  that  is,  must  siq)ply‘ enough  calories.  It  must  also 
provide  certain  minimum  amounts  of  protein  or  the  con¬ 
stituent  essential  amino  acids,  carbohydrate,  mineral  salts, 
.water,  vitamins,  and  possibly  certain  fatty  acids  in  the 
form  of  their  neutral  glycerides. 


The  Significance  of  Calories 


No  matter  what  the  type  of  food,  it  must  provide  suf¬ 
ficient  energy  or  fuel  value  to  supply  body  heat  and  the 
energy  necessary  for  the  activities  of  the  heart,  lungs, 
skeletal  muscles  and  digestive  organs.  When  food  is  uti¬ 
lized  in  the  l)ody  as  fuel,  the  energy  derived  from  it  is  ulti¬ 
mately  given  off  in  the  form  of  heat.  For  this  reason  the 


amount  of  heat  liberated  by  the  body  is  a  measure  of  the 
amount  of  food  “burned”  in  the  metabolic  processes.  This 
value  may  most  conveniently  be  expressed  in  terms  of  heat 
units  or  calories. 

The  calorie  is  a  measure  of  energy  expressed  in  terms 
0  heat.  To  illustrate,  let  us  take  a  simple  food,  such  as 
sugar.  If  sugar  is  burned,  iieat  is  liberated;  at  the  same 
time  oxygen  IS  taken  up  and  carbon  dioxide  and  water  are 
produced.  The  exact  amount  of  lieat  given  off  bv  this 
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eoiiibiistioii  and  the  aniounts  of  oxygen  ('onsnnied  and  car- 
1)011  dioxide  prodiieed  may  lie  measured  in  a  calorimeter. 
In  siicli  an  apparatus  a  known  amount  of  sugar,  say  one 
giam,  is  placed  in  a  small,  water-tiglit,  metal  “homh,” 
and  ox\gen  under  pressure  is  introduced  so  as  to  insure 
complete  comhiistion.  The  homh  is  immersed  in  a  known 
amount  of  water,  and  the  sugar  is  ignited  hy  an  electric 
spark.  The  increase  in  the  temperature  of  tiie  surround¬ 
ing  water  after  the  hiirning  of  the  sugar  is  noted  and  siih- 


seqiiently  the  oxygen  and  carbon  dioxide  contents  of  the 
gas  in  the  bomb  are  analyzed.  If  one  gram  of  sugar  is 
burned,  and  the  volume  of  water  surrounding  the  bomb 
is  one  liter,  it  is  found  that  the  tenp^erature  of  the  water  is 
raised  approximately  4°  C.  Since  a  large  calorie  (the  unit 
used  in  metabolic  work)  is  defined  as  the  amount  of  heat 
necessary  to  raise  the  temperature  of  one  liter  of  water  1° 
C.,  the  gram  of  sugar  in  burning  liberates  four  calories. 

If  we  could  imagine  a  small  steam  engine  placed  inside 
the  bomb  and  the  sugar  burned  under  the  boiler  of  this 
engine,  so  as  to  make  it  run,  the  heat  of  the  burning  sugar 
would  be  converted  into  mechanical  energy  which  would,  in 
turn,  be  converted  back  into  heat,  so  that  when  the  whole 
system  once  morejiad  come  to  rest,  it  wmiild  be  found  that 
the  temperature  of  the  outside  water  Avould  have  been 


raised  to  exactly  the  same  extent  as  when  the  sugar  burned 
directly,  without  first  producing  mechanical  energy.  A 
calorie,  in  terms  of  mechanical  energy,  is  equivalent  to  ap¬ 
proximately  3000  foot  pounds,  that  is  to  say,  the  energy 
of  one  calorie  is  sufficient  to  raise  3000  jioimds  or  a  ton 


and  a  half  to  a  height  of  one  foot,  or  to  raise  one  pound 
to  a  height  of  3000  feet. 

When  sugar  is  '‘burned”  in  the  body,  it  produces  exactly 
the  same  amount  of  heat  as  'when  burned  in  the  air,  and 
exactly  the  same  amounts  of  oxygen  are  utilized  and  carlion 
dioxide  given  off.  The  energy  produced  may  he  converted 
into  such  mechanical  'work  as  muscular  contraction,  but 
ultimately  ap])ears  as  heat.  If  an  individual  is  put  into  a 
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large  ciioiigli  calorimeter  cliaml)er  surroiiiuled  by  water  and 
if  the  air  entei’iiig  and  leaving  the  chamber  is  analyzed  and 
th(‘  food  and  ex('r(‘tions  are  analyzed,  the  exact  amount  ol 
sugar  or  other  foods  utilized  in  the  body  may  be  detei- 
niined,  and  from  these  iindings  the  amount  of  heat  v  hich 
should  be  i)roduced  can  be  calculated.  It  lias  been  found 
that  the  amount  of  beat  so  calculated  is  the  same  as  that 
actually  jiroduced  and  measured  l)y  the  rise  in  temperature 
of  the  surrounding  water. 

All  foods  do  not  have  the  same  fuel  value.  One  gram  of 
fat  has  a  fuel  value  of  a  little  over  9  calories  in  the  calorim¬ 
eter,  and  also  in  the  bodv.  Protein  does  not  form  the 
same  end  products  when  burned  in  the  air  as  in  the  body 
because  the  amino  gi-ou})s  of  proteins  are  not  oxidized  in 
the  body  lieyond  the  stage  of  urea,  whereas  protein  burned 
in  the  calorimeter  is  completely  oxidized.  The  fuel  value 
of  protein  in  the  body  is  about  4  calories  for  each  gram. 
Individual  sugars,  fats  and  proteins  have  slightly  differ¬ 
ent  fuel  values.  The  hgures  given  above  are  rough  aver¬ 
ages. 

During  life,  the  human  l)ody  continuously  gives  off  heat, 
the  source  of  which  is  the  combustion  of  proteins,  carbo¬ 
hydrates,  and  fats,  together  with  small  amounts  of  other 
foodstuffs  such  as  alcohol  and  organic  acids.  Even  when 
no  food  is  taken,  the  body  continues  to  liberate  heat,  which 
conies  fiom  the  utilization  of  glycogen  of  the  liver  and 
muscles,  fat  of  the  subcutaneous  tissues  and  other  fat  de- 

pots,  and  to  a  lesser  extent  of  protein  of  the  muscles  and 
other  organs. 

I  he  amount  of  fuel  consumed,  as  measured  by  the  oxygen 
intalce  and  car))on  dioxide  ontpnt,  or  liy  actual  heat  produc¬ 
tion,  bears  a  definite  relationship  to  the  age,  weight,  and 
Size  ot  the  bodv. 


Basal  Metabolism 

The  tenn  “basal  nietaholisni”  is  used  to  designate  the 
heat  output  ot  an  individual  at  complete  rest  and  in  the 
liostabsorptive  state  as  regards  food.  The  heat  produc 
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tion  that  occurs  under  these  circumstances  represents  the 
combustion  of  food  materials  by  the  “active  protoplasmic 
tissues  of  the  body  when  they  are  as  nearly  at  rest  as  is 
possible  during  life  in  the  normal  person.  A  major  com¬ 
ponent  of  these  active  tissues  is  muscle.  Consequently, 
uhen  the  muscle  mass  is  in  its  normal  proportion  to  the 
lemaining  active  tissues,  the  basal  metabolic  rate  is  pro- 
])ortional  to  the  amount  of  muscle  tissue.  Since  creatinine 
excretion  is  proportional  to  muscle  mass,  some  observers 
have  calculated  the  basal  rate  in  relationship  to  the  creat¬ 
inine  output.  This  procedure  apparently  is  not  applicable 
when  marked  muscle  wasting  exists  from  any  cause.  For 
everyday  practical  use  it  is  more  convenient  to  calculate 
liasal  rates  in  terms  of  factors  more  easily  measured  than 
is  the  excretion  of  creatinine.  In  the  growing  infant  and 
child,  the  amount  of  active  tissue  is  proportional  to  the 
age,  weight,  height  and  surface  area  when  the  child  is  of 
normal  or  average  size  for  his  age.  For  persons  beyond 
infancy,  it  is  generally  customary  to  determine  the  basal 
rate  in  terms  of  surface  area  as  calculated  from  the  height 
and  Aveight.  For  the  infant,  it  is  customary  to  consider  the 
basal  rate  in  terms  of  Aveight  alone,  even  though  the  rate 
in  terms  of  body  length  is  probably  more  accurate. 

The  basal  metabolism  of  normal  infants  during  the  first 
year  of  life  has  been  found  to  average  55  calories  a  day  for 
each  kilogram  of  body  Aveight  (25  calories  for  each  pound). 
That  is  to  say,  a  normal  infant  Aveighing  5  kilograms  (or 
11  pounds)  would  be  expected  to  liberate  approximately 
275  calories  in  24  hours.  Unless  the  food  taken  in  has  a 
caloric  value  at  least  this  great,  the  body  itself  is  con¬ 
sumed  as  fuel.  If  food  having  a  caloric  value  just  equal  to 
the  basal  metabolism  Avere  given,  it  Avould  be  found  in¬ 
sufficient  because  the  utilization  of  food  in  itself  leads  to  a 
certain  increase  in  the  heat  output.  Carbohydrate  utiliza¬ 
tion  raises  the  rate  of  metabolism  very  little,  fat  someAvhat 
more,  and  protein  very  considerably.  This  effect  of  food 
in  increasing  the  rate  of  metabolism  and  heat  output  is 
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termed  the  “specific  dynamic  action.”  The  average  in¬ 
crease  in  heat  production  due  to  the  taking  of  a  mixed 
diet  is  considerably  less,  however,  than  the  sum  of  the 
increase  due  to  each  component.  It  has  been  considered 
that  the  specific  dynamic  action  of  cow’s  milk  is  greater 
than  that  of  human  milk  because  of  its  higher  protein  con¬ 
tent,  but  probably  the  specific  dynamic  action  of  each  is 
less  than  10  per  cent  of  the  basal  metabolic  requirement. 

Allowance  for  Activity 

The  preceding  calculations  are  based  on  the  assumption 
that  the  infant  remains  at  complete  rest;  but  no  infant  re¬ 
mains  at  complete  rest  throughout  the  twenty-four  hours, 
and  any  activity  necessarily  calls  for  an  increased  expendi¬ 
ture  of  energy  and  a  correspondingly  greater  heat  output. 
Vigorous  crying,  while  it  lasts,  may  increase  the  heat  out¬ 
put  by  over  100  per  cent.  On  the  basis  of  complete  meta¬ 
bolic  experiments  carried  out  with  infants  over  long  periods 
of  time,  it  has  lieen  determined  that  a  fair  extra  allowance 
for  activity  in  the  case  of  average  infants  is  from  20  to  25 
calories  a  day  for  each  kilogram  of  body  weight  (10  calories 
for  each  pound).  Very  active  infants  may  use  up  more  than 
80  calories  for  each  kilogram  by  extra  activity,  and  very 
placid  ones  as  little  as  10  or  15. 

Allowance  for  Growth 

These  figures  make  no  allowance  for  growth.  The 
amounts  of  food  required  for  the  building  up  of  new  tissue 
cannot  be  estimated  by  the  heat  output  since  the  food  used 
for  this  purpose  is  not  burned  as  fuel  but  is  stored.  An 
estimate  may,  however,  be  made  on  the  basis  of  the  known 
average  daily  increase  in  weights  of  infants  and  the  propor¬ 
tions  of  this  increase  which  are  due  to  protein  and  fat 
deposition.  These  estimates  have  been  checked  by  observa¬ 
tions  on  the  actual  amounts  of  food  needed  to  maintain 
stationary  weight  and  the  additional  amounts  necessarv  to 
bring  about  a  normal  gain.  It  has  been  found  that  an  al- 
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owance  of  15  to  20  calories  a  day  for  each  kilogram  of  body 
Aveig’lit  (8  calories  for  each  pound)  is  adequate  for  an  infant 
gaining  at  an  average  rate.  Infants  who  are  undernour¬ 
ished  as  the  result  of  long-continued  inadequate  feeding 
8’ain  very  rapidly  in  weight  and  deposit  two  or  three 
times  as  much  protein  and  fat  as  infants  in  average  nutri¬ 
tional  condition.  These  undernourished  infants,  therefore, 
require  a  growth  allowance  of  food  much  in  excess  of  the 
average. 

Allowance  for  Unutilized  Food 

Food  taken  in  by  mouth  is  never  completely  digested  and 
absorbed,  but  a  certain  amount  is  lost  by  way  of  the  bowel. 
The  quantity  so  lost  under  normal  conditions  is  equivalent 
to  10  or  15  per  cent  of  the  intake,  which  in  the  case  of  the 
average  infant  corresponds  to  10  or  15  calories  daily  for 
each  kilogram  of  body  weight  (5  to  7  calories  for  each 
pound).  In  the  presence  of  diarrhea  or  digestive  disturb¬ 
ance,  the  loss  of  food  by  way  of  the  bowel  may  be  as  great 
as  30  or  40  per  cent  of  the  intake. 


The  Total  Energy  Requirements 

To  sum  up,  the  total  daily  caloric  requirements  of  the 
average  normal  infant  during  the  first  year  of  life  are  as 
shown  in  Table  III. 

Table  III 


Energy  Requirements  in  Infancy 


Basal  resting  metabolism 
Allowance  for  specific 

dynamic  action 
.Allowance  for  activity 
.Allowance  for  growth 
.Allowance  for  unutilized  food 

Total 


55  calories  per  kilogram  (25  per  pound) 

10  calories  per  kilogram  (  4  per  pound) 
25  calories  per  kilogram  (10  per  pound) 
15  calories  per  kilogram  (  7  per  pound) 
10  calories  per  kilogram  (  6  per  pound) 
115  calories  per  kilogram  (52  per  pound) 


Observations  on  normal  infants  have  confirmed  the  lire- 
ceding  calculations.  I4i(‘  actual  itdake  ot  food  by  Aoung, 
healthy  breast-fed  or  artilit'itdly  fed  inlants,  gaining  iu 
weight  at  noiaiial  rates,  lias  beiui  nie<isui‘('d  and  the  caloiic 
value  has  been  found  to  average  from  110  to  115  calories  a 
day  for  each  kilogram,  or  50  to  52  calories  for  each  pound. 
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Tlie  preceding  figures  are  averages  for  the  entire  fust 
year.  Actualh’  there  is  considerahle  variation,  even  in  the 
case  of  the  same  infant  at  different  periods  during  the  liist 
year.  For  the  first  three  or  four  weeks  after  hirth  the 
metabolism  is  relatively  low;  hut  by  the  end  of  the  first 
month  the  food  requirement  is  as  much  as  120  or  130 
calories  for  each  kilogram  (55  to  00  to  the  pound).  There¬ 
after  the  requirement  slowly  diminishes  to  about  110 
calories  for  each  kilogram  (50  calories  to  the  pound)  by 

Metabolism  During  First  Year  of  Life 


Kgs. 
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the  sixth  month,  and  90  to  100  calories  for  each  kilogram 
(40  to  45  to  the  pound)  by  the  end  of  the  first  year. 

The  total  energy  requirements  of  the  average  infant  are 
expressed  graphically  in  Fig.  4  (Talbot). 

The  figures  given  must  not  be  taken  as  literally  a^iplying 
to  every  infant.  They  serve  merely  to  indicate  the  approxi¬ 
mate  total  food  requirements.  Strong,  active  infants  have 
considerably  greater  energy  requirements  than  weaker, 
apathetic  ones  of  the  same  age  and  weight.  The  total  food 
requirements  during  cold  weather  are  greater  than  during 
warm  Aveather.  Infants  Avho  are  markedly  underAveight  or 
small  for  the  age  haA^e  greater  food  requirements  than  nor¬ 
mal  infants. 

For  underAveight  infants  the  total  food  requirement  may 
be  as  great  as  that  of  normal  infants  Avho  are  of  the  same 
age  but  Aveigh  much  more.  For  example,  a  normal  infant 
six  months  of  age,  Aveighing  15  pounds,  Avould  require  ap¬ 
proximately  800  calories  a  day.  A  malnourished  infant, 
6  months  of  age,  Aveighing  only  71/2  pounds,  Avould  also 
require  Amry  close  to  800  calories  a  day,  which  would  be 
the  eqiiiAmlent  of  100  calories  for  each  pound,  instead  of 
55  as  in  the  case  of  the  normal  infant.  The  reason  for  this 
difference  is  that  the  thin  infant  and  the  Avell-nourished  one 
might  liaAm  approximately  the  same  amount  of  act  we  mus¬ 
cular  tissue  and  the  same-sized  heart  and  lungs.  The  chief 
difference  Avould  be  in  the  layer  of  adipose  tissue,  a  rela- 
ti\"ely  inert  substance,  requiring  but  little  food  for  its  main¬ 
tenance,  the  fat  acting  very  much  as  an  overcoat  and  pre¬ 
venting  loss  of  heat.  It  is  the  active  protoplasmic  tissue 
of  the  body  Avhich  determines  the  food  requirement,  rather 
than  the  actual  Aveight.  Accordingly,  in  attempting  to  ar¬ 
rive  at  an  estimate  as  to  the  pro]:)er  food  requirement  of  an 
undernourished  infant,  the  first  step  is  to  calculate  Avhat 
would  be  the  approximate  Aveight  Avere  the  infant  normal. 
In  order  to  do  this,  reference  should  be  made  to  the  normal 
AA^eight  curves,  taking  into  consideration  the  birth  Aveight. 
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In  the  case  of  excessively  fat  infants,  the  reverse  condi¬ 
tion  holds  true.  The  fat  infant  does  not  require  much  if 
any  more  food  than  an  average-weight  infant  of  the  same 
age.  His  caloric  requirement  for  each  unit  of  body  weight, 
therefore,  may  be  less  than  that  of  the  average  infant. 

In  the  case  of  an  individual  infant,  it  is  impossible  to 
state  exactly  how  many  calories  will  be  needed  in  order  to 
bring  about  a  normal  gain  in  weight.  One  can,  however, 
obtain  a  general  idea  on  the  basis  of  the  principles  just 
laid  down.  It  is  important  that  the  caloric  value  of  the 
food  should  be  calculated  in  every  instance,  in  order  to 
avoid  gross  errors  of  underfeeding.  The  average  total 
daily  caloric  need  of  normal  infants  at  various  ages  is  ap¬ 
proximately  as  follows : 

1  month  500  calories  9  months  900  calories 

2  months  600  calories  One  year  1000  calories 

4  months  700  calories  Two  years  1200  calories 

6  months  800  calories 

The  final  test  of  the  adequacy  of  the  diet  is  the  response 
on  the  part  of  the  infant.  It  is,  at  times,  necessary  to  give 
food  of  a  considerably  higher  caloric  value  than  would  be 
anticipated.  The  giving  of  food  of  a  caloric  value  too  low 
to  meet  the  infant’s  needs  is  hy  all  odds  the  chief  cause  of 
failure  in  infant  feeding.  Unless  the  energy  requirements 
are  met,  the  infant  will  fail  to  do  well,  even  though  the  food 

may  be  easily  digestible  and  otherwise  admiralile  in  com¬ 
position. 


It  is  essential  that  food  having  a  sufficient  caloric  value 
be  given,  but  the  form  in  which  the  calories  are  supplied 
IS  also  of  importance.  If  an  infant  were  to  receive  the  total 
caloric  requirement  in  the  form  of  pure  carbohvdrate.  thp 


CHAPTER  III 
PROTEIN  metabolism 

Protein  is  essential  for  niaintenance  of  life  and  for  Iniikl- 
ing  body  tissue.  Tlie  protein  need  of  tlie  infant  is  pro¬ 
portionately  greater  than  that  of  the  adnlt  because  of 
rapid  growth. 

The  Composition  of  Protein 

xVll  i)roteins  do  not  have  the  same  composition  or  the 
same  value  in  nutrition,  although  they  are  all  composed  of 
combinations  of  amino  acids  united  in  complex  chains. 
There  are  at  least  twenty-two  amino  acids  which  exist  in 
varying  proportions  in  the  proteins.  Only  ten  of  these 
have  l)een  shown  to  be  essential  for  the  experimental  ani¬ 
mal.  Human  adults  have  been  maintained  in  nitrogen 
ecpiilibrium  with  oidy  eight  of  the  ten  necessary  for  ani¬ 
mals.  The  number  necessary  for  the  human  during  the 
period  of  growth  or  for  maintenance  of  iiealth  of  the  adult 
has  not  been  determined,  though  the  need  probably  is  much 
the  same  as  for  the  animal.  Cystine  is  an  amino  acid  that 
is  not  essential,  but  it  is  useful  in  that  to  some  extent  it  can 
replace  methionine,  which  is  an  essential  amino  acid.  Both 
these  substances  contain  sulfur.  Certain  essential  amino 
acids  are  entirely  lacking  in  such  jjroteins  as  gelatin  and  in 
many  of  the  vegetal)le  proteins.  Inasmuch  as  the  human 
body  is  incapable  of  synthesizing  a  number  of  the  amino 
acids,  incomplete  proteins  or  those  deticient  in  these  essen¬ 
tial  amino  acids  cannot  be  converted  into  body  protein  un¬ 
less  the  lacking  amino  acids  are  supplied  from  some  other 
source.  For  example,  if  a  protein  such  as  gelatin,  which 
is  deficient  in  tryptophane  and  sulfur-containing  amino 
acids,  is  fed  as  tiie  sole  source  of  protein,  no  new  body 
protein  at  all  can  be  built  up,  even  though  the  othei  amino 

52 


pnoTEiisr  mi':ta HOLISM 


53 


acids  are  present  in  adequate  ainounts.  Proteins  contain¬ 
ing  small  amounts  of  essential  amino  acids  can  build  uj) 
only  proj)ortionately  small  amounts  of  liody  protein.  The 
amount  of  ])rotein  needed  by  the  individual,  therefore,  de- 
jiends  on  the  cliaracter  of  the  ])rotein  given.  Proteins  that 
have  a  com])osition  closely  simulating  that  of  the  body  may 
he  converted  almost  quantitatively  into  body  protein,  and 
therefore  have  a  greater  value  in  nutrition  than  those  pro¬ 
teins  of  which  the  comjiosition  differs  widely  from  that  of 
body  tissues. 


The  young  infant  customarily  receives  his  protein  from 
either  human  or  cow’s  milk.  The  ])roteins  of  milk  may 
be  divided  into  two  main  groiqis,  whey  protein  or  lactal- 
bumin  and  curd  protein  or  casein,  Lactalbumin  differs 
materially  from  casein  in  its  ('omposition;  it  has  been  con¬ 
sidered  the  more  valualile  of  tlie  two  iiroteins.  Unman 


milk  contains  less  jirotein  than  cow’s  milk,  but  of  the  total 
protein  present  almost  GO  per  cent  is  lactalliumin,  as  com¬ 
pared  with  about  15  per  cent  in  cow’s  milk.  Though  the 
])ioteins  of  both  these  milks  are  of  high  nutritional  value, 
that  of  cow's  milk  has  long  been  considered  as  of  less  bio¬ 
logic  value  than  that  of  human  milk.  For  this  reason  it 
lias  been  believeil  necessary  to  feed  a  larger  amount  of 
cow’s  nnlk  protein  than  of  linnian  milk  protein.  :More 
recent  evidence  casts  some  doubt  on  this  view  Nevertbe 
less,  babies  wbo  receive  cow’s  milk  formulas  with  percent 
a.ge  composition  similar  to  that  of  bmiian  milk  do  not  m-ow 
so  well  as  those  receiving  bmiiaii  milk  or  cow’s  milk  fonmi- 
las  of  customary  coni|,o.sition.  I’ossiblv  the  ilifferences  in 
growth  are  depen, lent  on  factors  other  than  jirotein 
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acceptance  for  the  present  of  the  concept  that  cow’s  milk 
protein  may  be  as  much  as  20  per  cent  inferior  to  human 
milk  protein,  2^/4  to  3  grams  of  cow’s  milk  protein  for  each 
kilogram  of  body  weight  Avonld  he  required  to  supply  an 
optimum  amount.  As  a  matter  of  fact,  customary  cow’s 
milk  formulas  for  young  babies  supply  31/2  to  41/2  grams, 
or  more,  for  each  kilogram  of  body  weight.  Stated  in  an¬ 
other  way,  the  protein  of  human  milk  supplies  approxi¬ 
mately  9  per  cent  of  the  total  calories,  while  the  protein 
of  cow’s  milk  formulas  supplies  approximately  16  per  cent. 

It  is  difficult  to  find  a  satisfactory  basis  for  determining 
the  optimum  protein  requirement  of  the  infant.  When 
babies  are  fed  the  larger  quantity  of  protein  of  the  usual 
artificial  feeding,  nitrogen  retention  is  greater,  resulting 
in  a  greater  increase  in  active  body  tissue,  since  nitrogen 
is  not  stored  except  in  such  form.  In  the  case  of  babies 
who  are  artificially  fed  in  the  customary  manner,  the  per¬ 
centage  nitrogen  content  of  the  body,'  when  plotted,  in¬ 
creases  in  a  curve  smoothly  continuous  with  the  curve  of 
increase  during  fetal  life;  for  babies  who  are  breast  fed, 
.the  curve  of  increase  during  fetal  life  changes  course 
sharply  at  the  time  of  birth  to  the  extent  that  little  or  no 
percentage  increase  in  nitrogen  takes  place  for  a  period 
of  months.  Subsequently,  with  the  addition  of  other  foods 
and  with  weaning,  the  curve  of  percentage  increase  rises 
to  meet  the  level  maintained  by  the  artificially  fed  baby. 
Trying  to  determine  which  of  these  two  types  of  curve 
is  the  more  desirable  leads  only  into  a  field  of  speculation. 

Accepting  3^2  to  41/2  grams  of  protein  for  each  kilogram 
of  body  weight  as  a  suitable  daily  intake  for  the  artificially 
fed  baby,  it  is  found  that  this  amount  is  obtained  by  the 
infant  when  he  receives  daily  a  quantity  of  cow’s  milk 
equivalent  to  from  one-tenth  to  one-eighth  of  his  body 
weight,  or  from  IV2  to  2  ounces  for  each  pound.  In  the 
case  of  undernourished  infants,  the  normal  rather  than 
the  actual  body  weight  should  be  taken  as  the  basis  of  the 
calculation. 
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In  young  infants,  a  very  large  proportion  of  the  protein 
taken  in  with  the  food  is  converted  into  body  tissues  and 
retained,  hence  does  not  appear  as  nitrogenous  end  prod¬ 
ucts  in  the  urine.  In  young  breast-fed  infants,  receiving 
relatively  small  amounts  of  protein,  as  much  as  80  per  cent 
may  be  stored  in  this  way.  The  growing  infant  is  normally 
in  a  state  of  positive  nitrogen  balance,  whereas  the  fully 
grown  individual  excretes  in  the  urine  as  much  nitrogen  in 
the  form  of  end  products  as  is  contained  in  the  ingested 
jDi’otein. 

Protein  Under-  and  Overnutrition 


When  the  protein  content  of  the  diet  is  insufficient, 
growth  is  slow,  resistance  to  infection  is  decreased,  the 
musculature  becomes  flabby,  and  secondary  anemia  de¬ 
velops.  As  a  result  of  prolonged  protein  underfeeding,  the 
concentration  of  blood  plasma  protein  is  decreased;  this 
is  associated  with  the  development  of  edema  (nutritional 
edema),  which  may  be  of  an  extreme  degree. 


A  moderate  excess  of  protein  in  the  diet  above  the 
amounts  mentioned  apparently  does  no  harm.  It  is  well 
digested  and  absorbed  and  causes  no  general  disturbances. 
When  a  very  great  excess  of  protein  is  fed,  especially  when 
only  small  amounts  of  water  are  given,  anhydremia  or  de¬ 
hydration  of  the  body  may  occur  and  may  be  associated 
with  the  development  of  fever  and  toxic  symptoms.  Such 
an  effect  is  not  likely  to  be  observed  unless  the  protein 
given  is  in  considerably  higher  concentration  than  in  un¬ 
diluted  cow’s  milk.  The  feeding  of  whole  cow’s  milk  en¬ 
riched  with  additional  protein,  or  the  feeding  of  hio-hly 
concentrated  milk,  such  as  undiluted  evaporated  milk  or 
concenh-ated  dried  milk  suspensions,  may  result  in  de- 
hydration  unless  additional  llnids  are  given  eitlier  by  moutl, 
between  feedings  or  parenterally.  Under  ordinary  con¬ 
ditions,  however,  there  is  little  likelihood  of  an  excess  of 
protein  in  the  diet  causing  harm. 
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One  effect  of  liigli  protein  in  the  diet  is  to  lead  to  an  in¬ 
creased  secretion  of  alkaline  intestinal  juices.  At  the  same 
time,  little  if  any  acid  is  produced  by  bacterial  decomposi¬ 
tion  of  i)rotein,  so  that  the  stools  become  alkaline  in  re¬ 
action  and  constipated  in  type.  Casein  is  more  effective 
than  lactalbumin  in  bringing  about  this  phenomenon,  as 
it  appears  to  be  less  easily  attacked  by  intestinal  bacteria, 
and  furthermore  leaves  an  alkaline  residue  with  a  high 
calcium  content.  This  effect  is  especially  desirable  in  cases 
of  fermentative  diarrhea. 

Proteins  Other  Than  Those  of  Milk 

During  the  first  few  months  of  life  the  infant’s  protein 
need  is  covered  almost  entirely  by  milk  ]3roteins.  Later, 
the  additional  foods  given  (egg  yolk,  vegetables,  fruits, 
cereals,  and  meat  products)  supplement  the  protein  intake 
to  some  extent,  but  milk  still  remains  the  chief  source. 

The  protein  of  the  soyl)ean,  although  not  ecpial  in  nutri¬ 
tional  value  to  milk  protein,  is  nevertheless  a  fairly  suit 
able  protein  for  the  feeding  of  the  infant  and  may  be  sub¬ 
stituted  for  the  proteins  of  milk  provided  a  somewhat 
larger  amount  is  given.  Soybean  i3reparations  find  their 
special  field  of  usefulness  in  those  cases  in  which  the  infant 
is  allergic  to  cow’s  milk  proteins.  Satisfactory  nutrition 
may  be  maintained  through  the  use  of  soybean  prepara¬ 
tions. 

Gelatin  is  an  incomplete  protein.  It  has  occasionally 
been  used  in  infant  feeding  for  the  purpose  of  providing- 
additional  calories,  and  also  because  when  added  to  milk  in  ^ 
sufficient  amounts  it  modifies  the  character  of  the  curds, 
rendering  them  somewhat  smaller  and  softer.  For  this 
latter  purpose  rather  large  amounts  of  platin  are  required. 
The  curds  may  lie  modified  more  effectively  by  other  meth¬ 
ods.  The  feeding  of  gelatin  decreases  peptic  digestion  and 
sometimes  results  in  the  passage  of  foul  stools.  There 
would,  in  general,  appear  to  be  no  very  good  reason  for 
o-elatin  additions  to  the  infant’s  dietary. 
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Protein,  under  normal  conditions,  is  completely  broken 
down  into  amino  acids  before  absorption  from  the  intestinal 
tract,  but  in  the  case  of  young  infants,  and  especially  of 
tliose  suffering  from  severe  gastrointestinal  and  nutri¬ 
tional  disturbances,  some  incompletely  digested  protein 
remnants  may  be  absorbed  directly  into  the  blood  stream 
and  the  amount  alisorbed  may  be  sufficient  to  sensitize  tbe 
infant  against  the  particular  protein,  so  that  subsequent 
feedings  of  the  same  protein  result  in  allergic  phe¬ 
nomena.  The  subject  of  allergy  is  considered  in  more  de¬ 
tail  in  Chapter  XXVI. 


CHAPTER  IV 

CARBOHYDRATE  METABOLISM 

Carbohydrate  is  an  essential  constituent  of  the  body  and 
is  necessary  to  life,  though  theoretically  it  is  not  an  essen¬ 
tial  constituent  of  the  diet.  Carbohydrate  becomes  avail¬ 
able  to  the  body  from  the  breakdown  of  protein  and,  to 
some  extent,  of  fat;  these  sources  ordinarily  contribute 
minor  amounts  of  the  total  carlmhydrate  intake.  Normally 
most  of  the  energy  used  by  the  body  comes  from  oxidation 
of  carbohydrate  and  fat.  The  body  always  oxidizes  carbo¬ 
hydrate  in  preference  to  fat.  Also,  the  capacity  of  the 
infant  to  utilize  fat  is  lower  than  that  of  the  adult  and  his 
energy  recpiirement  is  high.  It  is  thus  especially  desirable 
for  the  infant  that  carbohydrate  provide  a  generous  pro¬ 
portion  of  the  total  calories  for  energy  and  the  amount  of 
carbohydrate  customarily  fed  to  a  baby  is  considerably 
in  excess  of  any  calculated  requirement.  The  breast-fed 
baby  receives  daily  about  12  grams  of  carbohydrate  for 
each  kilogram  of  body  weight,  an  amount  which  supplies 
apj^roximately  40  per  cent  of  the  caloric  value  of  his  food. 
Artificially  fed  babies  customarily  receive  an  amount  of 
carbohydrate  equivalent  to  approximately  one  one-hun¬ 
dredth  of  the  body  weight,  with  a  general  range  of  8  to 
14  grams  for  each  kilogram.  Of  this  quantity,  about  40 
per  cent  of  the  sugar  is  natural  to  the  milk  and  60  per 
cent  is  added  sugar.  Because  of  the  high  energy  need  of 
the  infant  and  the  relative  ease  with  which  much  of  this 
need  can  be  supplied  by  carbohydrate,  it  is  perhaps  for¬ 
tunate  that  the  infant  is  capable  of  taking  somewhat  more 
carbohydrate  for  each  unit  of  weight  than  the  adult  with¬ 
out  development  of  glycosuria. 

Carbohydrates  are  chemically  much  simpler  substances 
than  proteins.  They  are  composed  only  of  carbon,  h\dio- 
gen  and  oxygen,  the  latter  two  elements  being  in  appioxi- 
mately  the  same  proportions  as  in  water.  The  simplest 
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(Tirboliydrates  are  the  monosaccharides,  such  as  dextrose, 
leviilose  and  galactose.  Tavo  molecules  of  any  of  these 
joined  together  form  the  disaccharides,  examples  of  which 
are  sucrose,  lactose  and  maltose.  Sucrose,  lactose,  and 
mixed  carbohydrate  preparations  containing  maltose  are 
the  forms  of  carbohydrate  usually  fed  to  infants.  In  addi¬ 
tion  to  these  simple  sugars,  there  are  carbohydrates  con¬ 
taining  a  larger  number  of  molecules  of  the  monosaccha¬ 
rides,  as,  for  example,  starch,  Avhich  is  composed  of  a  very 
large  number  of  molecules  of  dextrose.  Intermediate  be- 
hveen  starch  and  the  disaccharides  are  the  dextrins,  which 
represent  partially  broken-down  starch  molecules. 

All  carbohydrates  are  ultimately  utilized  by  the  body  in 
the  form  of  monosaccharides  or  simple  sugars,  usually 
dextrose.  The  conversion  to  monosaccharides  occurs  in 
the  intestinal  tract.  Only  Avhen  the  intestinal  mucosa  is  in¬ 
jured  does  any  carbohydrate,  except  in  the  form  of  the 
monosaccharides,  pass  into  the  circulation.  Neither  su¬ 
crose  nor  lactose  can  be  utilized  when  injected  into  the 
blood  stream  or  absorbed  from  the  intestinal  tract.  Each 
of  these  is  excreted  unchanged.  Maltose,  on  the  other 
band,  may  be  partially  utilized,  and  the  monosaccharides, 
dextrose,  levulose,  and  galactose,  are  completely  utilized 
when  introduced  into  the  circulation. . 

^  During  the  absorption  of  carbohydrate  from  the  intes¬ 
tinal  tract,  there  occurs  a  moderate  rise  in  the  dextrose  con¬ 
tent  of  the  blood.  During  fasting  the  dextrose  content  of 
the  blood  usually  has  a  range  of  60  to  80  mg.  for  each  100 
ml.  At  the  height  of  digestion  of  a  meal  containing  carbo- 
lydrate,  the  blood-sugar  level  does  not  usually  increase 
more  than  20  to  50  mg.  above  the  fasting  level.  AVith  an 
increase  to  as  hig;h  as  150  mg.  or  more,  which  rarely  occurs 
in  the  normal  individual  except  when  huge  amounts  of  car¬ 
bohydrate  are  given,  some  dextrose  passes  out  into  the 
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'I'he  level  of  the  blood  sugar  is  kept  within  tliese  narrow 
Inmts  by  an  efficient  regnlatoi-y  inechanisni.  Dextrose 
which  is  needed  for  fuel  is  promptly  burned  in  the  tissues, 
the  lemainder  is  stored  iii  the  liver  and  muscles  in  the 
f 01  111  of  glycogen  or  animal  dextrin,  or  else  is  converted 
into  fat  and  stored  as  such  in  the  subcutaneous  tissues  and 
the  other  fat  depots  of  the  body.  During  starvation  the 
stored  glycogen  is  reconverted  into  dextrose,  which  is 
poured  into  the  blood  and  utilized  as  food.  In  long-con¬ 
tinued  starvation  the  glycogen  reserves  of  the  body  may  be 
depleted  so  that  the  level  of  the  blood  sugar  falls.  Some 
additional  dextrose  becomes  available  through  the  metab¬ 
olism  of  protein,  approximately  60  per  cent  of  the  latter 
being  convertible  into  dextrose.  This  tends  to  prevent  the 
blood  sugar  from  falling  very  far  below  the  normal  level. 
A  fall  in  blood  sugar  to  20  to  30  mg.  below  the  fasting  level 
is  associated  with  hunger  contractions  of  the  stomach, 
weakness,  irritability  and  at  times  trembling  and  profuse 
perspiration.  With  a  fall  of  more  than  20  to  30  mg.,  espe¬ 
cially  if  the  fall  has  been  rapid,  generalized  convulsions 
followed  by  coma  are  likely  to  occur.  Such  extremely  low 
blood-sugar  levels  are  not  observed  in  normal  infants  ex¬ 
cept  after  the  administration  of  an  overdose  of  insulin. 
The  severe  symptoms  are  all  promptly  relieved  by  the  ad¬ 
ministration  of  sugar  by  mouth  or  by  dextrose  intrave¬ 
nously. 

Infants  born  of  diabetic  mothers  not  infrequently,  dur¬ 
ing  the  first  week  of  life,  show  marked  symptoms  of  hypo¬ 
glycemia  and  the  blood  sugar  may  be  abnormally  low.  This 
condition  is  due  to  an  overproduction  of  insulin  on  the  part 
of  the  infant,  apparently  in  compensation  for  the  mother’s 
lack  of  insulin.  Adjustment  of  insulin  production  to  food 
intake  ultimately  occurs,  but  for  a  period  of  time  it  may  be 
necessary  to  administer  dextrose  at  short  intervals.  Some 
tendency  to  hypoglycemia  is  often  exhibited  by  normal 
infants  during  the  first  week  of  life  and  before  an  adequate 
food  intake  has  been  established. 


CARBOHYDRATE  METABOLISM 


61 


Insulin  is  essential  for  carbohydrate  utilization,  ioo 
little  insulin  results  in  high  blood  sugar  values  and  an 
excess  may  cause  too  rapid  disappearance  of  carbohydrate 
from  the  blood.  At  one  time  insulin  was  given  occasion¬ 
ally  to  undernourished  infants  with  the  idea  of  lowering 
the  blood  sugar  purposely  in  order  to  increase  the  appetite 
and  bring  about  a  better  utilization  of  carbohydrate  in  the 
liody. 

Carliohydrate  is  the  most  readily  available  source  of  en¬ 
ergy  for  the  body  and  may  replace  either  protein  or  fat  for 
this  ])urpose.  The  administration  of  adequate  amounts  of 
carbohydrate  spares  body  protein  from  destruction  during 
periods  of  underfeeding.  Carbohydrate,  however,  cannot 
entirely  replace  protein  in  the  diet  as  it  cannot  build  up 
tlie  essential  protoplasmic  structures  of  the  body.  In  the 
case  of  infants  who  are  much  underweight,  it  is  often  de¬ 
sirable  to  feed  large  amounts  of  carbohydrate,  which  pro¬ 
cedure  is  without  danger  ])rovided  the  carliohydrate  is  not 
of  a  readily  fermentable  ty2:)e  and  jirovided  adequate 
amounts  of  jirotein  and  of  other  dietary  essentials  are  fed 


at  the  same  time.  The  administration  of  a  diet  consisting 
mainly  of  carbohydrates  and  deticient  in  protein  and  min¬ 
erals,  may  result  in  a  rapid  increase  in  weight,  which  is  due 
largely  to  water  retention.  Infants  so  fed  are  likely  to  be 
liale,  flabby  and  waterlogged,  and  to  lack  resistance  to  in- 
fectioiis.  Tlie  effects  of  such  u  diet  are  due  not  so  iiiucli 
to  ail  excess  of  carbohydrate  as  to  deficiencies  in  otlier 
constituents.  Sweetened  condeii.sed  milk  and  malted  milk 
are  examples  of  foods  of  the  type  just  meiilioiied. 

Ihe  carbohydrates  commonly  used  in  infant  feedino-  are 

s^lfrch"’  Tiv^'d  ’"Atures,  dextrose”  and 

staicli.  Any  of  these  forms  of  carbohydrate  iiltiiintelv 

serves  the  same  functions  in  nulrition.  Tn  Ihe  choice  of  a 

caihohydrate,  however,  certain  characteristics  should  be 

<  ^en  into  consideration  which  are  different  for  the  vari 

ous  sii,ar.s.  One  has  to  consider  the  ease  of  digestion "nd 
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absorption,  the  degree  to  which  the  carbohydrate  is  fer¬ 
mented  in  the  intestinal  tract,  and  the  degree  to  which 
it  irritates  the  intestine. 

Lactose  (Milk  Sugar) 

Lactose  is  the  sugar  occurring  naturally  in  the  milk  of 
all  mammals.  For  this  reason  there  are  some  who  con¬ 
sider  milk  sugar  as  the  appropriate  carbohydrate  for  rou¬ 
tine  addition  to  milk  formulas.  Though  there  may  be  more 
or  less  definite  indications  for  the  use  .of  milk  sugar  at 
times,  the  theoretical  reason  that  it  is  the  naturally  occur¬ 
ring  sugar  of  milk  is  vague  and  unsatisfactory.  If  there 
is  any  special  need  for  lactose  by  the  body  (and  it  has  never 
been  proved  that  there  is),  such  a  need  is  met  by  the  lac¬ 
tose  present  in  the  milk  which  invariably  forms  the  basis 
of  the  infant’s  diet.  Experience  has  shown  that  the  re¬ 
mainder  of  the  carbohydrate  may  be  supplied  by  some  other 
sugar  with  no  deleterious  effects  on  nutrition.  Also,  babies 
have  been  reared  successfully  with  a  lactose-free  diet; 
these  babies  developed  normally  and  had  excellent  reten¬ 
tion  of  calcium,  phosphorus,  and  nitrogen. 

Milk  sugar  is  not  so  sweet  as  sucrose.  This  property  is 
advantageous  in  that  the  infant  does  not  become  accus¬ 
tomed  to  excessive  sweetness  of  the  food.  Lactose  is  easily 
fermented  by  most  of  the  normal  intestinal  bacteria  of 
infants  with  the  production  of  various  acids,  including 
lactic  acid.  Lactose  is  not  digested  and  absorbed  as  rap¬ 
idly  as  some  other  sugars,  and  in  consequence  a  portion 
may  reach  the  large  intestine  before  absorption.  In  this 
location  it  is  quickly  liroken  up  by  the  intestinal  oigan- 
isms,  with  the  production  of  acids.  The  feeding  of  lactose 
encourages  the  growth  of  those  types  of  intestinal  bac¬ 
teria  that  predominate  in  the  intestinal  tract  of  breast-fed 
infants.  The  acid  produced  on  fermentation  of  lactose 
ajiparently  favors  the  absorption  of  calcium  salts;  hov- 
ever,  with  customary  cow’s  milk  formulas  and  with  ade¬ 
quate  vitamin  D  the  utilization  of  calcium  is  ample  for  all 
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requirements  regardless  of  the  type  of  sugar  added  to  tlie 
formula.  In  concentrated  solution  (10  per  cent  or  above) 
lactose  is  somewhat  irritating  to  the  intestinal  tract  and 
may  lead  to  an  increased  number  of  stools. 

Sucrose 

Sucrose  (cane  or  beet  sugar)  has  the  same  nutritive 
value  as  milk  sugar.  It  is  somewhat  more  quickly  digested 
and  absorbed  from  the  intestinal  tract  and  is  not  fermented 
as  easily  by  most  intestinal  bacteria;  it  is,  however,  fer¬ 
mented  by  yeasts.  Sucrose  is  not  so  laxative  as  milk  sugar 
and  may  be  fed  with  safety  in  somewhat  larger  amounts, 
especially  to  infants  sutfering  from  digestive  disturbances. 
In  concentrated  solution,  it  is  irritating  to  mucous  mem¬ 
branes  and  may  lead  to  vomiting  and  diarrhea.  This  is 
not  true,  however,  of  the  more  dilute  solutions.  Sucrose 
is  the  sweetest  of  the  commonly  used  sugars.  In  general, 
sucrose  is  a  suitable  form  of  carbohydrate  for  the  feeding 
of  the  average  infant. 


Products  of  Starch  Hydrolysis  (“Malt  Sugars”) 

When  starch  undergoes  digestion  in  the  alimentary  tract, 
it  is  converted  first  into  intermediate  products  known  col¬ 
lectively  as  the  dextrins.  These,  by  further  hydrolysis,  are 
converted  into  maltose  and  ultimately  into  dextrose. 


AVhen  starch  is  subjected  to  the  action  of  malt  diastase, 
hydrolysis  proceeds  through  these  same  stages  as  far  as 
maltose.  The  relative  proportions  of  dextrin  and  maltose 
in  the  final  mixture  will  depend  on  the  length  of  time  the 
conversion  is  allowed  to  proceed:  if  for  only  a  short  time, 
Uiere  will  be  relatively  large  amounts  of  dextrin  present  • 
if  for  a  longer  time,  the  proportion  of  maltose  will  be 
greater.  The  properties  of  the  vanous  malt  preparations 
depend  to  a  considerable  extent  on  the  relative  proportions 
of  dextrin  and  maltose  present.  The  source  of  the  starch 
clitteis  with  the  various  commercial  products. 

appropriately  and  for  a  sufficient 
ength  of  time,  a  small  proportion  is  converted  into  dextrin. 
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Dextniiized  starch,  prepared  in  tliis  nianuer,  has  found 
some  use  in  infant  feedini!'. 

Wlien  siarcli  is  heated  in  tlie  presence  of  acid,  hydrolysis 
occurs  througli  all  the  stages  with  the  final  formation  of 
dextrose.  This  process  is  used  extensively  in  the  commer¬ 
cial  production  of  corn  syrup  or  ‘"glucose,”  as  well  as  in 
the  production  of  corn  sugar  or  dextrose.  In  the  commer¬ 
cial  production  of  corn  syru}),  corn  starch  is  treated  with 
mineral  acid  under  steam  pressure  until  a  definite  per¬ 
centage  of  dextrose  is  formed.  The  product  is  then  neu¬ 
tralized  with  sodium  carbonate,  filtered  and  concentrated. 
The  final  product  contains  dextrins,  maltose  and  dextrose. 

I 

Dextrin 


Chemically,  dextrin  is  a  mixture  of  a  number  of  closely 
related  substances.  It  is  a  white,  or  as  usually  obtained, 
slightly  yellowish,  somewhat  sticky  iiowder.  It  does  not 
have  a  sweet  taste,  but  is,  if  anything,  slightly  bitter.  It 
is  not  very  irritating,  even  in  highly  concentrated  solutions, 
because  of  its  low  osmotic  pressure.  Dextrin  is  not  fer¬ 
mented  by  most  intestinal  bacteria;  it  is,  however,  easily 
converted  into  maltose  through  the  action  of  the  enzymes 
normally  jiresent  in  the  intestinal  tract.  This  conversion 
does  not  appear  to  occur  much  more  rapidly  than  the  mal¬ 
tose  produced  can  be  digested  and  absorbed,  so  that  when 
dextrin  is  fed  there  is  not,  at  any  one  time,  a  large  amount 
of  readily  fermentable  carbohydrate  present  in  the  intes¬ 
tinal  tract.  Dextrin,  therefore,  is  not  likely  to  lead  to  in¬ 
testinal  fermentation,  a  factor  which  is  an  especial  ad¬ 
vantage  in  the  presence  of  diarrhea.  Dextrin  may  be  given 
safelv  ill  larger  amounts  than  other  carbohydrates,  and 
its  value  in  nutrition  is  as  great.  Dextrin  alone  has  not 
Imeii  widely  used  in  infant  feeding,  mixtures  of  dextrin 
and  maltose  being  the  customary  foi*m.  The  amount  of 
dextrin  in  these  mixtures  varies  from  a  negligible  amount 
to  approximately  75  per  cent. 
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Maltose 

Pure  maltose  is  not  used  in  infant  feeding,  but  mixtures 
of  maltose  and  dextrin  are  extensively  used.  The  propor¬ 
tion  of  maltose  in  these  preparations  ranges  from  30  to  90 
per  cent.  One  commercial  preparation  contains  less  than 
5  per  cent  dextrin.  Maltose  itself  is  a  white  powder, 
slightly  sweet.  It  is  easily  fermented  by  most  intestinal 
organisms,  but  at  the  same  time  is  quickl}^  converted  into 
dextrose  and  absorbed,  so  that  unless  excessively  large 
amounts  are  fed,  serious  fermentation  is  not  likelv  to  result. 
The  products  of  fermentation  of  maltose  do  not  seem  to 
be  as  irritating  as  those  of  sucros'b  or  lactose. 


Dextrose  (d-Glucose) 

Dextrose,  or  d-glucose,  requires  no  digestion,  being  im¬ 
mediately  absorbable.  Dextrose  is  very  easily  fermented, 
but  is  the  most  quickly  absorbed  of  all  the  sugars  com¬ 
monly  used.  Fairly  large  amounts  of  dextrose  may  be 
added  to  the  food  of  an  infant  without  the  danger  of  any 
great  degree  of  intestinal  fermentation.  It  is  a  valuable 
foim  of  sugai  in  the  treatment  of  the  diarrheas.  Dextrose 
IS  now  available  in  a  pure  commercial  form  at  a  low  price. 


Dextrin-Maltose  Mixtures" 

Many  dextrin-maltose  mixtures  prepared  l)y  the  action 
of  malt  diastase  on  cereal  starch  are  commercially  avail¬ 
able.  Some  of  these  are  without  salt  or  other  additions; 
some  have  added  sodium  chloride,  others  added  potassiuin 
carbonate  or  bicarbonate;  some  have  added  materials  con- 
aining  vitamin-B  complex,  chiefly  extracts  of  wheat  em 
liryo  and  yeast.  Some  of  the  preparations  are  in  drv 
powdered  form,  others  are  dispensed  as  svrupy  liquids 
A  wide  choice  exists  as  to  relative  amounts  of  dextrin  and 
^se,  with  or  without  mhlitions.  These  preparations 

madeTo'-AfcemedTooX*^  reference  should  be 

American  Medical  Association.  Big'niflcance  published  by  the 
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contain  fair  amounts  of  the  vitamins  of  the  B  group,  par¬ 
ticularly  thiamine,  which  are  carried  over  from  the  grain, 

riie  dry  powdered  preparations  are  in  most  common  use. 
Among  those  without  additions,  it  probably  makes  little 
difference  which  is  chosen  for  the  routine  feeding  of  nor¬ 
mal  infants.  Nutritionally  they  are  equal.  The  differences 
in  relative  laxative  effect  due  to  different  proportions  of 
dextrin  and  maltose  are  unimportant. 

The  preparations  with  added  potassium  carbonate  or 
bicarbonate  are  more  laxative  than  those  without  such  an 
addition.  Some  of  the  preparations  owe  their  increased 
laxative  effect  entirely  to  the  added  potassium  salt.  Others 
have  a  laxative  effect  also  because  of  extractives  carried 
over  from  the  grain  mash ;  these  latter  x^roducts  are  less 
refined  and  are  disx:)ensed  as  heavy  dark  syrux:)s,  e.g.  “malt 
soup  extract.” 

Dextrin-Maltose-Dextrose  Mixtures  (Corn  Syrup) 

Two  dextrin-maltose-dextrose  mixtures  are  on  the 
market,  both  jirepared  from  corn  starch  by  acid  hydrolysis, 
both  intended  xnamarily  for  infant  feeding.  One  is  in  a 
dry  i^owdered  form,  the  other  is  a  syrui).  On  a  water-free 
basis  both  x:)roducts  contain  axii^roximately  16  per  cent  dex¬ 
trose. 

Dextrin-Maltose-Dextrose-Sucrose  Mixtures 
(Flavored  Corn  Syrup) 

Corn  syrup,  or  commercial  “glucose,”  though  used  ex¬ 
tensively  in  food  manufacture,  is  not  available  in  the  re¬ 
tail  trade,  except  for  the  two  products  mentioned  in  the 
preceding  section.  However,  corn  syruj)  flavored  with 
either  cane-sugar  syrup  or  with  refiners’  syrup  is  availalih* 
at  every  grocery  in  the  country.  The  clear  or  “white 
syrup  contains  85  per  cent  corn  syrup  and  15  i:)er  cent  cane- 
sugar  syruj);  the  dark  or  “golden”  syruj)  has  tlie  same 
composition,  but  is  flavored  with  refiners’  syruj)  instead 
of  cane-sugar  syrup.  These  two  syrups  are  of  equal  nutri- 
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tional  value.  These  table  syrups  are  distributed  undei 
liuudreds  of  individual  brands,  but  all  are  of  approximately 
the  same  composition.  The  composition,  in  geneial,  is 
about  as  follows :  dextrin,  50  per  cent ;  maltose,  30  pei  cent , 
dextrose,  10  per  cent;  sucrose,  10  per  cent.  Many  of  the 
syrups  are  flavored  also  with  vanilla  or  artificial  substi¬ 
tutes.  The  composition  of  these  syrups  is  such  that  one 
fluid  ounce  contains  one  avoirdupois  ounce  of  carbohydrate. 
Though  reference  is  often  made  to  these  products  as  corn 
syrup,  such  a  designation  is  incorrect. 


Mixed  Sugars 

A  mixture  of  several  carbohydrates  possesses  certain  ad¬ 
vantages  over  a  single  sugar,  as  larger  amounts  of  such 
mixtures  usually  may  be  fed  without  the  danger  of  pro¬ 
ducing  diarrhea.  At  times  the  intestinal  tract  contains 
organisms  which  ferment  certain  carbohydrates  more  eas¬ 
ily  than  others.  AVhen  a  mixture  of  carbohydrates  is  fed, 
only  certain  of  the  components  may  be  fermented,  so  that 
excessive  fermentation  at  any  one  time  is  not  likely  to 
occur.  Thus  there  is  often  an  advantage  in  such  mixtures 
of  sugars  as  have  been  discussed,  when  used  as  additions 
to  milk  which  already  contains  lactose. 


Molasses 

Molasses  is  to  be  differentiated  from  table  syrups  pre¬ 
pared  from  corn  syrup.  Molasses  is  the  mother  liquor  re¬ 
maining  after  the  crystallization  of  sugar  in  the  process 
of  cane  sugar  refining.  It  contains  sucrose  and  invert  sugar, 
together  with  extractives  from  the  sugar  cane.  As  mar¬ 
keted,  it  usually  contains  a  small  amount  of  sulfur  dioxide. 
Molasses  contains  an  appreciable  amount  of  iron.  The 
sugars  of  molasses  ferment  easily,  and  because  of  this  prop¬ 
el  ty  and  of  the  extractives  present,  molasses  has  a  distinct 
axative  effect  and  cannot  be  given  in  the  same  high  con¬ 
centrations  as  some  other  sugars.  It  can,  however,  be  used 
sa  isfac  only  for  the  feeding  of  normal  infants,  and  is  of 
value  when  there  is  a  tendency  to  constipation.  . 
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Honey 

Honey  consists  of  a  mixture  of  sugars,  chiefly  leviilose 
and  dextrose  with  some  sucrose.  In  the  intestinal  tract  it 
behaves  much  as  has  been  described  for  dextrose.  Honey, 
like  othei  naturally  occurring  carbohydrates,  contains  some 
of  the  B  group  of  vitamins.  The  amounts  of  these  are  un¬ 
important  in  terms  of  the  infant’s  recpiirement. 

The  Carbohydrates  of  Fruits 

All  fruits  contain  carbohydrates,  largely  dextrose  and 
levulose,  which  are  utilized  readily  by  the  infant.  Of  espe¬ 
cial  interest  is  the  carliohydrate  of  bananas,  which  com¬ 
prises  aliout  22  per  cent  of  the  total  Aveight  of  the  ripe 
banana,  or  85  per  cent  of  the  weight  of  the  lianana  poAvder. 
Banana  carboliAvlrate  consists  of  a  mixture  of  sugars, 
chiefly  sucrose,  dextrose,  and  levulose,  and  is  very  Avell 
digested  and  alisorlied  even  by  infants  and  young  cliildren 
AAutli  gastrointestinal  disturliances.  Kipe  bananas  liaA^e 
been  used  largely  in  the  treatment  of  chronic  intestinal  in¬ 
digestion  (celiac  disease).  Dried  banana  meal  has  found 
some  use- in  infant  feeding.  The  feeding  of  lianana  leads 
to  changes  in  the  intestinal  flora  from  gram-negative  to 
gram-positiAm  types,  mostly  M.  ovalis.  Bananas  contain, 
besides  carbohydrate,  fair  amounts  of  vitamins  A,  B-com- 
plex,  and  C.  Only  fully  ripe  bananas  should  be  used. 

Starch 

Starch  occurs  as  the  chief  constituent  of  all  cereal  grains 
and  the  tuberous  vegetables.  It  has  approximately  the 
sam,e  composition,  no  matter  Avhat  its  source,  but  varies 
considerably  in  physical  properties.  Starch  occurs  in  na¬ 
ture  in  small  granules  surrounded  by  envelopes  of  cellu¬ 
lose.  On  heating  the  grains,  the  cellulose  envelopes  rup¬ 
ture  and  the  starch  is  liberated.  RaAA^  starch  is  digested 
Avith  great  difficulty  because  of  the  indigestibility  of  the 
cellulose  eiwelojie.  Starch  used  for  the  feeding  of  infants 
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is  propiired  by  milling  tlio  grain  and  snbsocpiont  cooking. 
Even  when  properly  prepared  and  well  cooked,  starch  is 
incompletely  digested  by  the  very  young  infant.  If,  how¬ 
ever,  starch  is  fed  regnlarly  from  an  early  age,  the  infant 
gradually  develops  the  power  of  digesting  it  fairly  well, 
although  at  first  much  starch  may  be  detected  in  the  stools 
])y  the  iodine  test. 


Starch  does  not  ferment  easily  and  acts,  to  some  extent, 
as  a  demulcent  in  the  intestinal  tract.  It  is  probable  that 
the  passage  of  undigested  starch  through  the  infant’s  in¬ 
testinal  tract  does  little  or  no  harm  in  most  instances, 
though  occasionally  it  may  give  rise  to  slight  fermentation 
and  gas  production. 

Decoctions  of  starch,  being  colloidal,  possess  certain  ad¬ 
vantages  as  additions  to  infant  diets.  When  starch  gruels 
are  added  to  raw  cow’s  milk,  the  curds  precipitated  by  the 
action  of  acid  and  rennin  are  more  finely  divided  than 
would  be  the  case  otherwise.  Another  use  of  starch  in  in¬ 
fant  feeding  is  in  rendering  milk  mixtures  so  thick  as  not 
to  be  vomited  easily.  Such  thick  gruel  feedings  are  used 
in  the  treatment  of  vomiting  of  various  types,  such  as  that 
due  to  pyloric  stenosis  or  rumination.  The  starches  chieflv 


used  in  infant  feeding  are  those  of  barley,  wheat,  oat,  corn, 
and  rice  flours.  Of  these,  barley  flour  is  the  most  widely 
used  as  it  makes  the  most  demulcent  gruel. 

During  the  process  of  digestion,  starch  is  converted 
through  the  stages  of  dextrin  and  maltose  to  dextrose,  in 
Wliicli  term  It  is  finally  absorbed.  It  is  not  possible  to  meet 
tlie  carbohydrate  needs  of  the  young  infant  by  starch  alone, 
but  after  the  age  of  six  months,  starch  may  gradually  re- 
place  the  simple  sugars  in  the  diet. 


Sugars  as  a  Cause  of  Diarrhea 

Any  sugar,  when  fed  in  excessive  amounts,  may  cause 
gastrointestinal  fermentation  and  diarrhea.  The^sugars 
Inch  have  smaller  molecules,  such  as  the  monosaccharfdes. 
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dextrose  and  levnlose,  and  the  disaccharides,  lactose  and 
sucrose,  when  in  solution,  have  greater  osmotic  pressures 
than  the  higher  carbohydrates,  such  as  dextrin  and  starch. 
Concentiated  solutions,  therefore,  act  somewhat  as  hydra- 
gogue  cathartics.  Solutions  of  dextrose  stronger  than  6 
per  cent,  or  of  milk  sugar  and  cane  sugar  stronger  than  8 
per  cent,  are  hypertonic  and  likely  to  exert  some  laxative 
effect  for  that  reason  alone,  aside  from  fermentation.  Dex¬ 
trin  and  starch,  on  the  other  hand,  may  be  given  in  solu¬ 
tions  of  a  concentration  of  20  per  cent  or  more  without 
being  hypertonic.  This  is  an  important  practical  point  in 
the  construction  of  infant  feeding  formulas.  It  was,  at 
one  time,  very  generally  stated  that  the  total  sugar  in  the 
final  formula  fed  should  not  exceed  7  to  8  per  cent.  We 
now  know  that  when  sugars  containing  a  considerable 
amount  of  dextrin  are  used,  sugar  concentrations  up  to  20 
per  cent  may  be  given  without  harm  and  may  at  times  even 
exert  a  constipating  effect,  because  of  the  absorption  by  the 
intestine  of  large  amounts  of  water  along  with  the  sugar. 

Parenteral  Administration  of  Carbohydrate 

Sucrose,  lactose,  dextrin,  and  starch  are  not  utilized 
when  given  parenterally,  but  dextrose  is  utilized  when 
given  intravenously,  subcutaneously,  or  intraperitoneally. 
In  the  case  of  infants  with  lowered  intestinal  tolerance  to 
carbohydrates,  the  parenteral  administration  of  dextrose 
may  serve  to  maintain  the  nutrition  over  critical  periods. 
Dextrose  solutions,  when  injected  parenterally,  also  serve 
other  important  functions.  The  intravenous  route  is  the 
preferable  one.  A  moderate  irritative  effect  is  often  ob¬ 
served  when  dextrose  solution  is  given  intraperitoneally. 


CHAPTER  V 

FAT  METABOLISM 

Fats,  like  carbohydrates,  are  composed  of  carbon,  hydro¬ 
gen,  and  oxygen;  the  oxygen  content,  however,  is  low  and 
much  more  oxygen  is  needed  for  the  combustion  of  1  gram 
of  fat  than  for  1  gram  of  carbohydrate.  All  fats  consist 
of  a  combination  of  fatty  acids  with  glycerol. 

Fats  as  such  cannot  be  absorbed  from  the  intestinal  tract, 
but  must  first  be  saponified.  Saponification  consists  in  a 
separation  of  the  fatty  acid  portion  of  the  fat  from  the 
glycerin  and  is  accomplished  through  the  action  of  the  pan¬ 
creatic  juice.  The  alkaline  salts  of  the  fatty  acids  are 
known  as  soajis.  Fat,  after  saponification,  is  absorbed  as 
glycerin  and  fatty  acid  (or  as  soap).  These  are  reunited 
after  passage  through  the  intestinal  wall  to  form  neutral 
fat.  There  is,  at  the  same  time,  a  considerable  rearrange¬ 
ment  so  that  the  recombined  fat  resembles  more  nearly  the 
natural  fat  of  the  individual  than  the  food  fat.  Fat  is  not 
absorbed  directly  into  the  blood,  but  is  taken  up  by  the 
lymphatics  and  carried  to  the  blood  stream  in  a  fine  emul¬ 
sion  by  way  of  the  lacteals  and- the  thoracic  duct. 

The  fat. which  entei-s  the  blood  is  in  part  carried  to  the 
subcutaneous  tissues  and  deposited,  and  in  part  to  the 
liver,  where  it  undergoes  a  chemical  transformation,  ren¬ 
dering  it  capable  of  being  metabolized  as  fuel.  When  there 
is  relatively  abundant  carbohydrate  and  protein  in  the  diet, 
but  little  fat  is  burned,  the  major  part  being  stored.  Dur¬ 
ing  starvation,  however,  a  large  portion  of  the  energv  re¬ 
quirement  of  the  body  is  met  by  the  utilization  of  fat,  which 
IS  removed  fi-om  the  fat  depots,  carried  to  the  liver  by 
way  of  the  blood  and  subsequently  metabolized.  The 

orZ‘j  t  f  is  dependent 

on  tlie  st.ite  of  nutrition  and  tlie  relative  amounts  of  other 
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foods  fed  and  not  merely  on  the  intake  of  fat.  An  infant 
who  is  starving  inay  actually  use  larger  amounts  of  fat 
than  one  who  is  fed  a  diet  containing  much  fat  with  ade¬ 
quate  amounts  of  carbohydrate  and  protein.  The  depot 
fat  of  the  body  constitutes  an  important  reserve  of  food 
energy. 

Formerly  it  was  believed  that  fat  cannot  be  metabolized 
completely  by  the  human  unless  a  certain  amount  of  car* 
bohydrate  is  used  simultaneously;  it  was  believed  that  car¬ 
bohydrate  is  necessary  for  oxidation  of  fat  beyond  the 
stage  of  ketone  bodies.  It  is  the  belief  at  present  that  in¬ 
complete  oxidation  of  fat  with  resulting  ketosis  is  the  re¬ 
sult  of  functional  incai^acity  of  the  body  to  burn  completely 
the  large  amounts  of  fat  needed  and  presented  for  energy 
production  when  other  sources  of  energy  are  inadequate, 
and  that  no  other  relationship  exists  between  ketosis  and 
the  rate  of  carbohydrate  utilization.  The  body  normally 
uses  carbohydrate  for  energy  in  preference  to  fat.  Only 
when  carbohvdrate  is  not  available  is  fat  oxidized  in  large 
amount.  Fat  can  be  oxidized  completely  to  carbon  diox¬ 
ide  and  water  by  the  human,  hut  only  in  limited  amount  at 
any  one  time;  this  amount  apiiroxiniates  2.5  grams  daily 
for  each  kilogram  of  body  Aveight  for  the  adult.  If  fat 
must  be  oxidized  in  excess  of  this  amount,  oxidation  is  in¬ 
complete  and  the  unoxidized  residues,  the  ketone  bodies, 
are  excreted.  The  maximum  rate  of  fat  oxidation  by  in¬ 
fants  is  not  knoAvn,  but  it  is  Avell  below  that  of  the  adult. 
Prematurely  born  and  immature  infants  develop  ketosis 
more  readily  than  full-term  normal  infants.  For  these 
reasons  the  infant,  especially  young  or  feeble  infants, 
should  derive  the  greater  part  of  the  energy  requirement 
from  carbohydrate  rather  than  from  fat. 

Fat  does  not  have  the  same  essential  function  in  nutritimi 
as  protein  and  carbohydrate  and  may,  at  least  to  a  large 
extent,  be  replaced  Avith  carbohydrate  as  a  source  of  energA . 
There  are,  hoAvever,  certain  constituents  of  fat  Avhich  are 
essential  aud  others  Avhich  appear  to  be.  Food  fats  are 
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carriors  of  certain  of  the  vitamins.  The  important  fat- 
soluble  vitamin  for  the  infant  is  vitamin  A,  of  which  milk 
fat  is  a  good  source.  When  the  infant  receives  an  appro¬ 
priate  formula  of  whole  milk  and  the  usual  supplemental 
foods,  the  vitamin  A  requirement  is  met.  For  animals, 
unsaturated  fatty  acids,  especially  linoleic  and  arachidonic 
acids,  have  been  shown  to  be  essential;  in  the  absence  of 
these,  the  nutrition  suffers  and  skin  lesions  develop.  If  a 
similar  need  exists  for  the  infant,  it  would  seem  to  be 
easily  satisfied.  Young  children  with  chronic  indigestion 
(celiac  disease)  have  been  maintained  in  good  nutrition  for 
long  periods  with  extremely  fat-i)oor  diets,  but  with  one 
teaspoonful  of  cod  liver  oil  daily.  A  relationship  has  been 
thought  to  exist  between  deficiency  of  unsaturated  fatty 
acids  and  infantile  eczema.  Such  a  relationship,  however, 
has  not  been  well  substantiated.  Observations  indicating 
that  animals  fattened  Avith  a  diet  high  in  carbohydrate  have 
less  resistance  to  infection  than  those  receiving  a  larger 
portion  of  food  fat  have  not  been  well  enough  controlled 
foi  acceptance ;  it  is  probable  that  dietary  deficiencies  other 
than  of  fat  Avere  responsible  for  the  differences  obseix^ed. 

When  fat  is  omitted  from  the  diet  it  becomes  necessary 

to  give  larger  amounts  of  carbohydrate  and  protein  in  order 

to  meet  the  caloric  need.  In  both  human  and  coav’s  milk, 

fet  provides  approximately  one-lialf  of  the  total  calories’ 

In  cow’s  milk  formulas  customary  for  the  young  baby  fat 

provides  approximately  40  per  cent  of  the  calories.  AVheii 

infants  are  fed  fat-poor  diets,  the  stools  tend  to  have  a 

darker  color;  if  the  caloric  requirement  is  satisfied  laro-elv 

with  disaccharides,  the  stools  at  times  may  he  “fermenta¬ 
tive”  m  character.  '  "mma 

Fat  occurs  in  the  milk  of  all  mammals,  but  differs  in 
composition  in  the  various  species.  The  amount  of  fat  in 
average  cow’s  milk  as  supplied  by  dairies  is  approSiiiate  v 
le  same  as  that  in  average  human  milk,  viz.  3  5  to  4  iier 
cent.  In  comparison  with  human  milk,’ the ’fat  of  co!" 
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milk  contains  more  of  the  esters  of  the  lower  fatty  acids 
(butyric,  caprylic,  caproic,  etc.).  For  the  normal  healtliy 
infant  this  difference  in  the  two  fats  seems  of  no  impor¬ 
tance.  For  sick  infants  who  are  likely  to  have  gastric 
stasis  and  evidence  of  indigestion,  the  lower  fatty  acids 
apparently  have  an  irritating  effect,  contributing  to  the 
occurrence  or  aggravation  of  vomiting  and  diarrhea.  Cow’s 
milk  fat  differs  further  from  the  fat  of  human  milk  in 
that  it  contains  only  about  half  as  much  of  the  unsaturated 
higher  molecular  weight  acids,  which  include  the  so-called 
“essential  fatty  acids.”  The  two  milks  contain  approxi¬ 
mately  the  same  amounts  of  oleic,  palmitic,  and  stearic 
acids.  The  fat  of  cow’s  milk  is  slightly  less  well  utilized 
by  the  lialiy  than  is  the  fat  of  human  milk,  due  chiefly  to 
increased  formation  of  relatively  insoluble  calcium  soaps 
in  the  intestine  liecause  of  the  larger  amounts  of  casein  and 
calcium  jii'esent  in  cow’s  milk.  With  the  customary  method 
of  feeding,  the  difference  in  fat  absorption  from  human  and 
from  cow’s  milk  is  nutritionally  unimportant.  When  the 


amount  of  sugar  is  small  in  a  cow’s  milk  formula  and  the 
amount  of  casein  (or  milk)  is  large,  constipation  is  the 
expected  result,  liecaiise  of  the  greater  formation  of  cal¬ 
cium  soaps;  the  loss  of  fat,  as  soap,  at  the  same  time  is 
greater.  Overfeeding  with  fat  may  result  in  either  con¬ 
stipation  or  diarrhea,  depending  on  the  relative  amounts 
of  casein  and  sugar  present;  increase  in  casein  and  decrease 
in  sugar  lead  to  constipation,  the  reverse  leads  to  diarrhea. 

In  general,  an  excess  of  fat  in  the  diet  of  the  artificially 
fed  infant  should  be  avoided.  Ordinary  grades  of  cow’s 
milk  containing  not  more  than  3.5  to  4  per  cent  of  huttei 
fat  should  be  used  in  preference  to  the  richer  milk  of 
Jersey  or  Guernsey  cows.  The  relationship  lietween  fat 
and  casein  in  ordinary  grades  of  cow’s  milk  is  such  that 
only  in  the  presence  of  gastrointestinal  disturliance  oi 
gross  malnutrition  is  it  necessary  to  reduce  the  fat  content 
by  partially  skimming  tlie  milk. 


FAT  METAKOLISM 


75 


The  fat  of  milk  exists  in  the  form  of  a  line  emulsion. 
There  is  in  general  no  difference  in  the  size  of  the  globules 
in  human  as  compared  with  fresh  cow’s  milk,  although 
there  may  be  considerable  variation  in  the  milk  obtained 
from  dilferent  women.  Cow's  milk  which  has  1)een  homoge¬ 
nized,  that  is,  atomized  by  passage  through  a  valve  under 
high  pressure,  has  its  fat  in  the  form  of  globules  approxi¬ 
mately  one-sixth  of  their  original  diameter.  Globules  of 
this  size  do  not  rise  as  cream  when  milk  stands.  Although 
a  larger  surface  of  the  fat  is  exposed  to  the  digestive 
juices,  this  change  in  pliysical  state  is  of  little  importance 
in  fat  digestion,  the  completeness  of  digestion  being  inde¬ 
pendent  of  the  size  of  the  globules.  The  more  definite 
effect  of  homogenization  on  protein  digestion  is  discussed 
elsewhere. 

Certain  vegetable  fats  with  a  high  proiDortion  of  unsat¬ 


urated  fatty  acid  are  absorbed  somewhat  more  readily  than 
the  animal  fats  more  commonl}^  fed  to  infants.  The  in¬ 
creased  absorbability  is  of  little  importance  for  the  normal 
infant,  but  may  be  advantageous  for  sickly  and  delicate 
infants.  Removal  of  fat  from  milk  and  substitution  of 
other  fats  would  be  an  advantage  in  infant  feeding  only 
for  frail  infants  and  only  if  more  readily  absorbable  fats 
were  chosen.  Some  prematurely  born,  immature,  and  sick 
infants  utilize  any  fat  poorly.  Failure  of  such  an  infant 
to  gain  while  receiving  an  adequate  calorie  intake  can 
often  be  traced  to  poor  utilization  of  fat.  In  the  case  of* 
many  of  these  infants  change  in  the  tvpe  of  fat  fed  doe^ 
not  alter  the  degree  of  utilization.  Change  of  feedino-  to 
an  isocaloric  mixture  of  low  fat  content  often  results 
promptly  in  good  gains  in  weight. 

Fat  IS  utilized  when  administei-ed  ])arenterallv.  A  verv 
fine  emulsion  may  lie  given  intravenously.  However  ani 
mal  experiments  lu.ve  in.lieate.l  that  tl,is  proeednre’  mav 
ot  be  coin],letely  witliout  barn,  and  that  this  method  of 
feeding  should  he  reserved  for  emergencies  only  T,i  tl,o 
animal  experiments  fat  emboli  were  found  in  lung  tis!ne 
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ill  41  pel  cent  four  days  after  injection  and  in  other  or¬ 
gans  in  lesser  degree.  In  some  of  the  animals  the  fat  eni- 
lioli  caused  gastric  and  duodenal  ulcers. 

In  the  metabolism  and  storage  of  fat,  less  water  is  re¬ 
quired  and  less  is  stored  than  in  the  case  of  carbohydrate. 
The  storage  of  carbohydrate  requires  a  concomitant  stor¬ 
age  of  much  water ;  consequently  carbohydrate  is  a  hydrat¬ 
ing  food.  While  fat  is  not  to  be  considered  as  having  a  de¬ 
hydrating  effect  per  se,  it  does  have  such  an  effect 
practically,  when  it  is  substituted  for  carbohydrate  in  the 
diet.  Advantage  is  sometimes  taken  of  this  relationship 
1)y  prescribing  a  high-fat  or  ketogenic  diet  for  those  past 
infancy,  but  the  occasions  for  practical  application  in  in 
fancy  are  few. 


CHAPTER  VI 

MINERAL  AND  WATER  METABOLISM 


Inorganic  Constituents  of  the  Body 


The  human  body  contains  the  following  elements :  oxy¬ 
gen,  carbon,  hydrogen,  nitrogen,  calcium,  phosphorus,  po¬ 
tassium,  sulfur,  sodium,  chlorine,  magnesium,  iron,  iodine, 
copper,  and  minute  amounts  of  several  other  elements 
(manganese,  zinc,  fluorine,  silicon,  and  probably  others), 
some  or  all  of  which  may  be  necessary.  The  first  four  ele¬ 
ments  named  (0,  C,  H,  N)  are  present  in  largest  j^ropor- 
tion,  as  all  body  substance  contains  them.  Calcium,  phos¬ 
phorus,  and  magnesium  are  a  2)art  ,of  the  structure  of  bone. 
Phosi^horus  and  potassium  are  a  part  of  the  composition  of 
cell  protoplasm.  Sodium  and  chlorine  have  a  highly  im¬ 
portant  function  as  essential  constituents  of  interstitial 
fluid.  Sulfur  is  a  part  of  the  protein  molecule.  Iron  plays 
an  important  role  in  the  formation  of  hemoglobin  and  mus¬ 


cle  tissue.  Iodine  is  necessary  for  thyroid  function.  Both 
iron  and  iodine  are  in  organic  combination  in  the  body,  and 
are  excreted,  if  at  all,  as  inorganic  salts.  Other  elements  in 
addition  to  sulfur,  iron,  and  iodine  also  exist  in  the  body 
both  as  organic  and  inorganic  salts.  The  relative  amounts 
of  the  various  inorganic  salts  present  in  the  body  of  the  in¬ 
fant  differ  considerably  from  those  of  the  adult  because  of 
the  higher  proportion  of  body  water  in  the  infant  and  the 
lesser  degree  of  calcification  of  bone. 

Some  of  the  inorganic  salts  are  constantly  excreted  and 
replacement  from  food  must  lie  continuous.  Tlie  food  nor 
maUy  received  by  the  infant  may  be  expected  to  contain, 

r.  ount  oToT.  1 

“  of  some  “'isKlerable 

xcess  ot  some.  Any  excess  that  mav  he  iiresent  in  an 

ordinary  diet  is  excreted  promptly  without  harm.  AVhen 
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the  diet  is  deticient  in  the  various  minerals  or  when  they 
are  lost  in  large  amounts  by  vomiting,  diarrhea,  or  failure 
of  absorption,  pathological  states  become  evident,  the  out¬ 
standing  condition  present  being  dependent  on  the  material 
predominantly  lacking.  Thus  there  may  he  interference 
with  growth  and  cell  function  in  general ;  or  rickets,  tetany, 
acidosis,  alkalosis,  or  anemia  may  develop.  Mineral  salts 
are  necessary  for  the  digestion  of  food  and  for  the  main¬ 
tenance  of  osmotic  relationships  and  interchange  between 
cells  and  body  fluids. 

Body  Water,  Sodium,  Potassium  and  Chloride 

lilach  cell  of  the  body  contains  some  water;  in  addition, 
large  amounts  of  fluid  are  in  the  spaces  between  the  cells 
and  in  the  channels  for  fluid  distribution.  AVater  within 
the  cells  is  a  part  of  the  cell  protoplasm  and  is  spoken  of 
as  intracellular  water;  that  outside  the  cells  is  called  extra¬ 
cellular  water  and  includes  water  of  plasma  and  lymph,  as 
well  as  that  of  the  fluid  bathing  the  individual  cells,  the 
latter  often  being  called  interstitial  fluid.  The  composi¬ 
tions  of  extra-  and  intracellular  fluids  differ.  Interstitial 
fluid  is  of  fairly  constant  composition  and  contains  almost 
all  the  body  chloride  and  about  three-fourths  of  the  body 
sodium.  Sodium  chloride  and  bicarbonate  are  the  chief 
salts,  Avith  small  amounts  of  potassium,  magnesium,  and 
calcium.  In  general,  body  cells,  Avith  the  exception  of  the 
red  cells  of  the  blood,  contain  practically  no  chloride  or 
sodium,  but  contain  most  of  the  potassium  of  the  body, 
combined  Avith  phosphate  and  protein.  Thus,  as  body  tis¬ 
sue  increases,  jiotassium  and  phosphate  are  needed  as  Avell 
as  protein.  As  the  body  content  of  extracellulai  Avatei 
changes,  alterations  in  sodium  chloride  content  parallel 
those  of  the  Avater. 

The  water  content  of  a  normal  neAvborn  infant  has  been 
compared  with  that  of  an  edematous  adult.  In  the  normal 
adult  about  20  per  cent  of  the  body  Aveight  is  due  to  extra¬ 
cellular  water,  in  contrast  to  40  to  45  per  cent  of  the  weight 
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of  the  newborn  infant  from  this  source.  As  the  extracellu¬ 
lar  (interstitial)  water  is  the  “labile  water”  of  the  body, 
it  is  easy  to  understand  the  sudden  and  marked  losses  of 
water  that  occur  during  even  comparatively  mild  illnesses 
during  infancy.  It  seems  obvious  that  to  replace  this  in¬ 
terstitial  fluid,  the  ions  it  normally  contains  must  be  re¬ 
placed  also.  Sodium  chloride  is  the  largest  component  of 
the  salts  of  interstitial  fluid.  In  severe  vomiting  or  diar¬ 
rhea,  chloride  losses  (from  vomited  gastric  juice)  or  losses 
of  base  (from  intestinal  juices)  may  lie  more  vital  than 
the  water  losses.  These  losses  may  lead  to  important 
changes  in  the  acid-base  balance,  either  in  the  direction  of 
alkalosis  or  of  acidosis,  depending  on  whether  the  pre¬ 
dominant  loss  is  of  anion  or  cation. 


As  long  as  an  infant  is  ingesting  milk — either  human 
milk  or  customary  formulas  of  cow’s  milk — and  is  retain¬ 
ing  it,  the  intake  of  sodium,  potassium  and  chloride  will  be 
ample,  with  some  to  spare.  No  additions  of  these  materials 
to  the  diet  are  necessary,  though  in  moderate  amount  they 
do  no  harm  to  the  normal -baby  because  the  excess  is 
promptly  excreted  in  the  urine. 

The  water  requirement  of  the  infant  in  proportion  to  his 
body  weight  is  high,  being  approximately  three  times  that 
of  the  adult.  The  high  water  requirement  of  the  infant  is 
to  he  exi:)lained  on  the  basis  of  the  more  active  metabolism 
and  less  efficient  kidneys.  The  infant’s  heat  output  is 
greater  in  proportion  to  his  weight  than  that  of  the  adult 
and  heat  is  removed  from  the  body  chiefly  by  water  evap¬ 
oration.  The  relatively  large  food  intake  'requires  con¬ 
stant  cii-ciilation  of  water  from  the  blood  to  the  intestinal 
met  and  hack  into  the  blood  during  the  processes  of  diges- 
lon  and  absorption.  Additional  large  amounts  are  re¬ 
quired  for  the  urinary  excretion  of  wa.te  products  In 
mfant  cannot  excrete  as  concentrated  urine  as  an  adult 
The  average  daily  urinary  excretion  of  the  normal  infaait’ 
fed  in  a  customary  manner,  is  fi-om  50  to  75  ml  r  i’ 
l^ilogram  of  body  weight;  prematurely  borii  itT 
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still  smaller  aliility  to  coiiceiitrate  urine  and  may  excrete 
more  than  100  ml.  for  each  kilogram  with  an  intake  of 
approximately  170  ml.  for  each  kilogram. 

Of  the  total  water  intake  under  normal  conditions,  ap¬ 
proximately  40  to  50  per  cent  is  eliminated  by  the  kidneys, 
40  to  50  per  cent  by  evaporation  from  the  skin  and  lungs, 
and  5  to  10  per  cent  by  way  of  the  bowel.  Approximately 
3  per  cent  of  the  water  taken  by  the  young  infant  is  retained 
liy  the  body;  this  amount  represents  from  55  to  70  per  cent 
of  the  total  weight  gain.  The  amounts  eliminated  by  the 
various  channels  are  greatly  influenced  by  extraneous  con¬ 
ditions.  In  the  presence  of  high  external  temperatures,  an 
enormously  increased  elimination  of  water  from  the  skin 
is  necessary  in  order  to  maintain  the  normal  body  tempera¬ 
ture.  Vigorous  exercise  also  increases  markedly  the  water 
loss  from  the  skin  and  lungs.  These  losses  are  at  the  ex¬ 
pense  of  urine  water.  In  the  jiresence  of  severe  diarrhea, 
the  water  loss  from  the  bowel  may  equal  or  exceed  the 
Huid  intake.  In  severe  vomiting,  much  of  the  water  taken 
by  mouth  may  he  lost.  In  any  condition  associated  with 
an  increase  in  the  rate  or  volume  of  the  respirations — for 
example,  in  pneumonia  or  acidosis — the  water  elimination 
from  the  respiratory  tract  is  increased. 

In  the  light  of  the  preceding  considerations,  it  is  difficult 
to  state  specifically  the  water  requirements  of  the  individ¬ 
ual  infant  since  tliis  is  subject  to  considerable  variation. 
34ie  average  normal  hreast-fed  infant  under  six  months  of 
age  receives  from  the  milk  approximately  two  and  one- 
quarter  ounces  of  water  daily  for  each  pound  of  body 
weight  (150  c.c.  for  each  kilogram).  This  amount  suffices 
to  ineet  the  needs  of  most  infants  and  to  allow  a  reasonable 
excess,  except  during  extremely  hot  weather  or  in  the  pres¬ 
ence  of  diarrhea  or  vomiting.  In  the  case  of  artificial  feed¬ 
ing,  the  protein  and  salt  content  of  the  diet  is  usually  higher 
than  with  breast  feeding;  conseipiently  increased  elimina¬ 
tion  of  salts  and  nitrogenous  waste  products  occurs  in  the 


81 


MINERAL  AND  WATER  METABOLISM 


iiiTiie,  wliicli  requires  a  soiuewliat  greater  liiiid  output  by 
the  kidneys.  The  extra  aiuouut  required,  however,  is 
slight,  and  for  practical  purposes  the  artificially  fed  in¬ 
fant,  under  average  conditions,  need  be  given  no  nioie  fluid 
than  the  one  fed  at  the  breast.  It  is  not  necessary  that 
the  total  fluid  given  be  contained  in  the  milk  or  milk  mix¬ 


ture  fed.  Water  may  be  fed  from  a  bottle  or  cup  and, 
under  special  conditions,  fluid  may  be  given  as  dextrose 
and  salt  solutions  subcutaneously,  iiitraperitoneally,  or  in¬ 
travenously. 

An  insufficient  water  intake  or  excessive  loss  of  water 
from  the  body  is  inconqiatible  with  a  normal  gain  in  weight. 
In  extreme  cases  in  which  the  water  output  actually  ex¬ 
ceeds  the  intake,  rapid  loss  in  weight  occurs  together  with 
the  development  of  serious  symjitoms  which  may  eventuate 
in  death.  The  correction  of  this  tyi)e  of  difficulty  involves 
the  administration  not  only  of  water  but  also  of  chloride 
in  order  that  the  water  may  be  retained. 

A  reasonable  excess  of  water  intake  over  the  actual  re¬ 
quirements  produces  no  serious  disturbance,  but  great  dilu¬ 


tion  of  the  food  is  undesirable,  as  this  necessitates  the  in¬ 
take  of  a  large  volume  in  order  that  the  infant  may  receive 
sufficient  of  the  food  constituents.  Not  infrequently  the 
infant  s  stomach  capacity  is  insufficient  to  permit  the  large 
intake  required  when  dilute  formulas  are  used.  One  of  the 
all-too-common  errors  in  infant  feeding  is  the  giving  of 
too-ddute  formulas,  based  on  the  idea  that  the  individual 
food  components  cannot  be  digested  and  absorbed  when 
piesent  in  the  formula  above  certain  ('oncentrations.  There 
aie,  of  course,  limits  to  which  the  concentration  of  a 
formula  may  be  carried,  but  most  infants  can  take— and 
can  thrive  on— considerably  more  concentrated  formulas 
than  VTis  at  one  time  sui)posed.  In  general,  it  is  not  neces¬ 
sary  that  the  volume  of  the  formula  should  exceed  10  per 
cent  of  the  body  weight.  Occasionally,  however,  in  the  case 
of  undernourished  infants,  it  is  necessary  to  give  50  per 
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cent  more  than  tins  in  order  to  supply  the  necessary  food 

constituents  even  wlien  fairly  concentrated  formulas  are 
used. 

Calcium,  Phosphorus,  and  Magnesium 

As  more  than  98  per  cent  of  the  body  calcium  is  in  the 
skeleton,  any  discussion  of  the  calcium  metabolism  resolves 
itself  largely  into  a  discussion  of  skeletal  growth  and  rate 
of  mineralization.  The  skeletal  mineral  is  a  calcium- 
phosphate-carbonate  complex  of  somewhat  variable  com¬ 
position.  A  small  part  of  the  bone  calcium  may  be  replaced 
by  magnesium  and  sodium.  Very  small  amounts  of  other 
minerals  and  anions  also  are  j^resent.  The  exact  xu’ocess 
involved  in  the  formation  of  bone  salts  is  not  wholly  under¬ 
stood.  The  available  amounts  of  calcium  and  xdiosphorus 
and  of  vitamins  A,  C,  and  D  are  imx^ortant  factors,  as  also 
are  certain  of  the  endocrine  secretions.  Of  the  latter,  the 
secretions  of  the  parathyroid,  thyroid,  jiituitary,  and  sex 
glands  all  have  some  effect  on  the  metabolism  of  bone. 
In  infancy,  disturbances  of  bone  metabolism  are  more  often 
due  to  vitamin  deficiency  than  to  endocrine  disturbance. 

Mineralization  of  the  skeleton  is  very  active  during  the 
last  month  of  fetal  life.  At  birth  the  entire  body  of  the 
average  normal  full-term  infant  contains  about  25  grams 
of  calcium.  If  the  mother’s  diet  has  been  extremely  poor  in 
calcium,  phosi^horus,  and  vitamins  C  and  D,  the  amount  of 
calcium  in  the  body  of  the  infant  will  be  less  than  normal. 
A  deficiency  of  sufficient  degree  to  produce  fetal  rickets 
has  been  reported  only  for  infants  born  of  osteomalacic 
mothers.  From  recent  studies  it  appears  that  poorly  nour¬ 
ished  women  give  birth  to  small  infants. 

At  birth  the  liones  of  the  infant  contain  much  more  water 
and  less  mineral  than  do  the  bones  of  an  adult.  After  birth 
there  appears  to  be  a  xieriod  of  adjustment  wherein  the 
rate  of  mineralization  does  not  keep  pace  with  the  rate  of 
growth  of  the  skeleton.  This  period  of  adjustment  lasts 
somewhat  longei*  in  breast-fed  infants  than  in  those  babies 
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vGceiviiig  tlie  hirgcr  uiiiouiit  of  Ccilciiini  cincl  pliosphoius  in 
cow’s  milk.  TTiiman  milk  contains  about  300  mg.  of  cal¬ 
cium  to  the  liter.  Tlie  ])reast-fe(l  baby  excretes  very  little 
calcium  in  the  urine,  but  the  minimum  fecal  output  seems 
to  be  about  150  mg.  daily.  Thus  a  young  baby  taking  only 
600  ml.  (20  ounces)  of  human  milk  a  clay  could  retain  as  a 
maximum  only  about  50  mg.  of  calcium  daily.  By  the  time 
the  baby  is  three  months  old,  the  milk  intake  is  sutHcient 
to  permit  more  rapid  deposition  of  minerals,  and  the  per¬ 
centage  of  calcium  in  bone  increases  steadily. 

The  prematurely  born  infant  labors  under  a  double  dis¬ 
advantage  as  far  as  calcification  of  the  skeleton  is  con¬ 
cerned.  A  baby  born  four  weeks  prematurely  has  a  calcium 
content  only  a  little  more  than  one-half  that  of  the  normal 
full-term  infant.  In  addition,  his  food  capacity  is  limited. 
It  is  difficult  to  feed  sufficient  human  milk  to  permit  any 
calcium  retention.  The  rapid  growth  and  very  slow  rate  of 
calcification  may  result  in  early  and  severe  rickets.  The 
practice  of  fortifying  human  milk  with  dried  skimmed  milk 
for  prematurely  born  infants  permits  sufficient  intake  of 
usable  mineral  to  prevent  rickets,  provided  that  vitamin  D 
also  is  supplied. 

The  infant  given  cow’s  milk  ingests  an  ample  quantity 
of  both  calcium  and  phosphorus,  as  cow’s  milk  contains 


about  1200  mg.  of  calcium  and  900  mg.  of  phosphorus  to 
the  liter.  AVithout  vitamin  D  the  calcium  and  phosphorus 
of  cow’s  milk  are  poorly  utilized  by  the  infant.  If  vitamin 
I)  IS  provided  in  adequate  amounts  (300  to  400  units  daily), 
the  absorption  and  retention  of  calcium  and  phosphorus 
from  cow’s  milk  ai-e  considerably  higher  than  those  of  the 
breast-fed  infant.  The  urinary  excretion  of  calcium  by  the 
infant  fed  cow’s  milk  varies  from  5  to  20  mg.  daily  for 
the  young  baliy  and  averages  aliout  20  to  30  mg.  daily  for 
the  older  infant.  The  yonng  baby  receiving  cow’s  milk 

retains  daily  approximately  50  mg.  of  calcium  for  each 
kilogram  of  body  weight. 
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Illness,  even  slight  and  afebrile,  decreases  the  mineral 
retention  of  infants  markedly  and  leads  to  a  temporary 
slowing  of  growth,  even  in  the  well-fed  infant.  For  the 
infant  not  given  sufficient  vitamin  D,  such  illnesses  are  un¬ 
doubtedly  factors  predisposing  to  the  development  of 
rickets. 

The  amount  of  calcium  in  body  fluids  is  quantitatively 
small  but  highly  important  in  regulating  the  irritability  of 
the  tissues.  The  serum  calcium  is  maintained  normally  at 
10  to  12  mg.  for  each  100  ml.  (5  to  6  milliequivalents  to  the 
liter).  In  infantile  rickets  the  serum  calcium  is  usually 
near  the  lower  normal  level.  If  the  healing  of  rickets  is 
interrupted,  the  serum  calcium  level  may  fall  abruptly  to 
as  low  as  6  mg.  in  100  ml.  and  the  phosphorus  level  rises. 
Active  tetany  may  be  expected  to  occur  whenever  the 
calcium  level  decreases  lielow  7  mg.  and  may  occur  with 
a  higher  level  if  the  serum  phosphorus  is  much  increased. 
(See  Chapter  XXX  for  further  discussion  of  mineral  rela¬ 
tionships  in  tetany.) 

When  babies  are  fed  cow’s  milk,  in  the  customary  quan¬ 
tities  and  manner,  a  need  for  additional  amounts  of  in¬ 
gested  calcium  probably  never  arises,  since  the  quantity  of 
calcium  in  milk  is  ample  for  all  purposes.  Low  blood 
calcium  values,  when  observed  in  infants,  are  produced  by 
poor  absorption  because  of  vitamin-D  deficiency.  Additions 
of  calcium  to  the  diet  do  not  improve  calcium  utilization. 
Calcium  salts,  when  administered  parenterally  in  infantile 
tetany,  give  desirable  but  very  transitory  relief.  When 
calcium  salts  are  fed  by  mouth  or  injected  parenterally 
in  these  circumstances,  the  calcium  is  excreted  chiefly  by 
way  of  the  ])owel  and  the  anion,  or  acid  conqionent  of 
the  salt,  is  excreted  by  way  of  the  urine.  The  administra¬ 
tion  of  calcium  chloride  is  therefore,  to  a  certain  extent, 
equivalent  to  the  administration  of  hydrochloric  acid,  since 
the  acid  component  must  be  neutralized  and  excreted.  The 
administration  of  mineral  acid  serves  to  ameliorate  the 
symptoms  of  tetany,  even  without  increase  in  the  calcium 
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content  of  the  blood.  The  organic  calcium  salts— the  lac¬ 
tate,  acetate,  and  gluconate — act  as  bases,  the  acid  com¬ 
ponents  of  these  salts  being  metabolized  to  carbon  dioxide 
and  water. 

At  times,  chielly  liecause  of  allergy,  it  becomes  necessary 
to  feed  bailies  a  diet  devoid  of  milk.  In  these  circum¬ 
stances,  calcium  salts  must  be  added  to  the  diet..  Such 
proprietary  foods  as  are  available  for  this  purpose  already 
have  the  needed  calcium  additions.  Whenever  calcium  is 
added  to  the  diet  for  the  purpose  of  maintaining  bone 
growth,  it  is  necessary  to  keep  in  mind  that  calcium  is  not 
utilized  unless  appropriate  amounts  of  phosphorus  are 
available  at  the  same  time.  Though  most  of  the  protein- 
containing  materials  used  as  the  basis  for  milkless  diets 
contain  some  phosphorus,  the  amount  of  phosphorus  pres¬ 
ent  may  not  be  adecpiate  for  calcium  utilization.  Con¬ 
sequently,  whenever  calcium  salts  are  ingested  for  the  pur¬ 
pose  of  maintaining  bone  growth,  at  least  a  generous  pro¬ 
portion  should  be  in  combination  with  phosphorus.  Either 
di-  or  tri-calcium  phosphate  serves  the  purpose  well. 

Phosphorus  is  used  in  the  bodv  not  onlv  in  the  bones, 
out  also  in  the  soft  tissues:  it  is  an  essential  part  of 
the  skeletal  mineral,  of  the  phospholipids  of  the  nervous 
system  and  other  tissues,  of  the  ju'otein  of  the  cell  nucleus, 
and  of  nitrogenous  compounds  of  intracellular  lluids.  The 
quantity  needed  depends  both  on  the  intake  of  calcium  and 
the  intake  of  protein.  Human  milk  has  a  relatively  low- 
content  of  both  calcium  and  protein;  therefore,  the  amount 
y  phosphorus  needed  is  relatively  small,  and  in  this 
yod  the  ratio  of  calcium  to  phosphorus  of  2:1  suffices. 
When  a  diet  higher  in  protein  is  given  and  the  protein  re¬ 
tention  IS  correspondingly  greater,  the  phosphorus  intake 
must  be  increased  also.  If  cow’s  milk  is  given  the  in 
creayd  need  ,s  automatically  met,  as  cow’s  milk  contains 
ample  phosphorus  for  its  calcium  and  protein.  In  formu¬ 
lating  special  foods  such  as  are  discussed  in  the  preceding 
paragraph,  ,t  is  an  error  to  consider  that  either  the  qiian- 
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tity  of  calcium  and  phosplionis,  or  their  ratio  to  each  other, 
will  be  optimum  when  they  are  the  same  as  in  human  milk. 
These  foods  are  usually  fed  in  such  a  manner  that  the 
nitrogen  retention  is  as  high  as  with  cow’s  milk  feeding, 
and  if  the  phosphorus  intake  is  not  ample,  insufficient  phos¬ 
phorus  will  be  available  for  bone  mineralization.  In  all 
artificial  food  mixtures  the  phosphorus  content  should  be 
related  to  both  tlie  calcium  and  the  nitrogen  content  of  the 
food. 

Magnesium,  like  phosphorus,  is  used  both  in  bone  and 
soft  tissue.  It  is  an  essential  constituent  of  cell  fluids, 
though  the  amount  so  used  is  less  than  that  deposited  in 
bone.  The  quantity  of  magnesium  needed  by  the  infant  is 
not  certainly  known.  It  may  be  assumed  that  human  milk 
contains  sufficient  to  meet  the  requirement  when  the  baby 
is  breast  fed.  Like  phosphorus,  magnesium  is  required  in 
larger  amounts  when  cow’s  milk  or  a  synthetic  food  is  fed. 
Cow’s  milk  contains  more  than  twice  as  much  magnesium 
as  does  human  milk  and  the  amount  present  seems  to  be 
ample.  Calcium  and  magnesium  are  antagonistic  in  some 
respects  and  complementary  in  others.  Calcium  promptly 
overcomes  the  respiratory  depression  produced  by  mag¬ 
nesium,  but  salts  of  both  these  elements  relieve  tetany. 

Sulfur 

Sulfur  is  a  constituent  of  certain  of  the  amino  acids  of 
})rotein,  and  pi-esumably  it  is  in  this  form  only  that  it 
is  available  to  the  body.  In  the  body  sulfur  is  simi¬ 
larly  a  comjionent  of  protein.  It  is  a  constituent  of  insulin 
and  of  glutathione  of  red  blood  cells  and  muscle.  Gluta¬ 
thione  acts  as  a  coenzyme  concerned  with  the  metabolism 
of  carbohydrate. 

Methionine  is  the  one  essential  amino  acid  that  contains 
sulfur.  However,  cystine,  also  sulfur-containing,  can  sub¬ 
stitute  for  methionine  to  a  certain  extent.  Casein  contains 
more  methionine  than  cystine.  The  sulfur  contents  of  hu- 
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man  and  of  cow’s  milk  are  0.014  and  0.03 L  per  cent,  re¬ 
spectively;  less  of  the  sulfur  of  liuman  milk  is^  protein 
sulfur  than  is  true  for  cow’s  milk.  Infants  retain  about 
90  per  cent  of  the  sulfur  intake  and  the  remainder  is  ex¬ 
creted  in  the  urine.  The  sulfur  of  infants’  urine  is  largely 
imoxidized  or  ‘  ‘  neutral  ’  ’  sulfur,  whereas  older  children  and 
adults  oxidize  a  large  part  of  the  waste  sulfur  to  sulfate 
before  excreting  it. 

Iron 

Iron  is  a  constituent  of  all  the  cells,  but  it  is  j)resent 
most  abundantly  in  hemoglobin  of  blood  and  muscle.  The 
iron  requirement  of  the  infant  is  relatively  high  because  of 
the  rapid  rate  of  formation  of  new  body  tissue.  The  diet 
of  the  young  infant  contains  an  amount  of  iron  that  is 
negligible  in  relation  to  his  need.  The  chief  source  of  iron 
for  the  young  infant  lies  in  the  excess  of  hemoglobin  pres¬ 
ent  at  birth.  The  low  oxygen  tension  of  the  placental  circu¬ 
lation  results  in  a  high  hemoglobin  concentration  in  the 
red  blood  cells  of  the  fetus.  At  birth  the  number  of  red 
cells  for  each  unit  volume  of  blood  is  approximately  the 
same  as  in  adults,  but  the  hemoglobin  concentration  is 
much  greater,  varying  from  15  to  25  grams  for  each  100  ml., 
and  averaging  about  22  grams.  The  highest  concentrations 
are  obtained  when  the  cord  is  not  tied  until  pulsation 
ceases.  As  soon  as  the  lungs  begin  to  function,  the  high 
liemoglobin  concentration  is  unnecessary.  The  excess  is 
broken  down,  but  most  of  the  iron  is  stored  in  the  liver  and 
used  later.  If  the  mother’s  iron  intake  is  ample  during 

piegnancy,  an  added  50  to  100  mg.  may  be  stored  in  the 
fetal  liver  before  birth. 

Destruction  of  excess  hemoglobin  continues  to  the  ninth 
or  twelfth  week  of  life.  At  the  final  minimum  level  the 
liemoglobin  values  range  from  10  to  12  Gm.  to  each  100 
m  A  slight- secondary  rise  then  occurs,  due  to  the  stimulus 
of  tlm  stored  iron,  so  that  by  the  fifth  month  the  hemo¬ 
globin  values  range  from  11.5  to  14  Gm.  to  each  100  ml.  of 
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blood  and  remain  at  this  level  tlirouglioiit  infancy  if  the 
intake  of  iron  is  adequate.  After  the  fifth  month,  however, 
li  additional  iron  is  not  supplied  in  the  food,  the  stored  iron 
is  insufficient  to  meet  the  body  needs  and  the  amount  of 
hemoglobin  decreases  gradually  throughout  the  remainder 
of  infancy.  Illness,  either  infectious  or  gastrointestinal,  is 
followed  by  further  decreases  in  hemoglobin.  Thus,  unless 
special  precautions  are  observed,  an  infant  is  liable  to  de¬ 
velop  secondary  anemia  during  the  latter  half  of  the  first 
year. 

The  baby  born  prematurely  is  smaller  and  contains  less 
blood  than  the  average  full-term  infant.  The  prematurely 
l)orn  infant,  therefore,  has  less  excess  hemoglobin  to  break 
down  and  smaller  amounts  of  iron  to  be  stored  for  future 
use  than  does  the  larger  baby  born  at  term.  Furthermore, 
prematurely  born  babies  are  expected  to  grow  at  a  rate 
sufficiently  rapid  to  become  equal  in  size  to  the  full-term 
baby  at  a  relatively  early  age.  Infants  born  prematurely 
can  thus  be  expected  to  become  anemic  earlier  than  infants 
born  at  term  unless  additional  iron  is  given. 

Feeding  additional  iron  during  the  period  of  hemoglobin 
destruction  does  not  result  in  iron  retention  unless  large 
amounts  are  given.  Some  evidence  exists  that  prophylactic 
feeding  of  small  amounts  of  iron  may  shorten  the  period 
of  hemoglobin  destruction  and  prevent  the  excessive  lower¬ 
ing  of  blood  hemoglobin  often  observed  in  prematurely 
born  infants  during  this  period.  In  general,  however,  there 
seems  to  be  little  advantage  in  additional  dietary  iron  be¬ 
fore  hemoglobin  destruction  has  ceased.  Though  the  stores 
of  iron  in  the  full-term  baby  may  be  expected  to  last  until 
he  is  five  or  six  months  of  age  if  he  has  been  in  good  health 
during  this  period,  it  does  not  seem  wise  to  await  complete 
depletion  of  the  stores  before  supplying  additional 
amounts.  At  least  some  reserve  in  storage  should  be  con¬ 
sidered  normal.  An  allowance  of  1  mg.  of  iron  daily  for 
each  kilogram  of  body  weight  seems  to  permit  ample  re^ 
tention;  this  would  mean  a  total  of  approximately  G  to  7 
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1112,’.  daily  at  six  iiioiiths,  and  10  iiifi,’.  at  oiio  yoai.  It  lias 
been  stated  tliat  for  inaxiiiumi  lieiiioglobin  levels,  2o  mg.  of 
iron  should  be  given  daily;  such  an  intake  is  impossible 
from  foods  of  the  infant’s  dietary  and  must  be  supplied  by 
adding  iron  salts  to  the  feeding.  Such  a  large  intake  of 
iron  does  not  seem  necessary.  In  order  that  retained  iron 
be  utilized  it  is  necessary  to  have  adequate  intakes  of 
copper  and  vitamin  C  and  lu’obalily  also  of  thiamine. 

Both  cow’s  and  human  milks  contain  very  small  amounts 
of  iron.  Human  milk  contains  from  0.4  to  1.4  mg.  to  the 
liter;  cow’s  milk  ‘from  0.15  to  0.6  mg.  to  the  liter.  The 
iron  of  human  milk  is  better  utilized  than  is  that  of  cow’s 
milk.  The  iron  content  of  cow’s  milk  may  be  much  in¬ 
creased  if  it  is  kept  in  iron  containers.  Milk,  which  has 
been  kept  for  several  hours  in  ordinary  milk  cans,  may 
contain  as  much  as  2  mg.  to  the  liter.  It  is  ol)vious  that 


the  amount  of  iron  in  milk  is  wholly  inadequate  to  su]:)ply 
the  infant’s  requirement.  For  this  reason  it  has  become 
customary  to  begin  feeding  iron-containing  foods  at  the 
close  of  the  period  of  hemoglobin  destruction  (three  months 
of  age)  or  soon  thereafter.  Egg  yolk  and  ])roprietary  forti¬ 
fied  cereal  foods  are  the  most  commonlv  employed  sources 
for  initial  additions.  An  egg  yolk  adds  0.5  to  1.5  mg.  of 
iron  to  the  day’s  intake,  depending  on  the  size  of  the  egg 
and  the  food  of  the  hen.  Highly  refined  cereals  may  con¬ 
tain  only  0.7  mg.  of  iron  to  100  Gm.  (0.2  mg.  to  the  ounce), 
while  proprietary  cereal  foods  fortified  *  with  iron  may 
conham  as  much  as  17.5  mg.  to  the  ounce.  Subsequent 
additions,  at  the  age  of  four  or  live  mouths,  consist  of 
pureed  vegetables  and  fruits.  Vegeta])les  as  fed  contain 
from  0^2  to  0.7  mR.  of  iron  to  tlie  ounce  (:-!0  srams),  fruit,. 
0.1  to  0.3  mg.  J  lie  vegetaliles  and  fruits,  even  tliougli  not 
rich  sources  of  iron,  avera,ge  a  liiglier  content  tlian  refined 
eeieals  The  iron  ot  certain  of  the  vegetables,  for  instance 
spinach,  is  not  easily  availalile  to  the  baby.  ’ 

feme  aninionmm  citrate  are  the  tivo  most  commonlv  used. 
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ilie  ferric  salts  are  probably  reduced  to  ferrous  salts  in  the 
gasti  ointestinal  tract.  The  requirement  of  10  mg.  at  one 
yeai  would  be  supplied  by  60  mg.  of  iron  and  ammonium 
citrate  (1  grain),  or  10  ml.  of  a  1  j^er  cent  solution.  Such  a 
solution  can  be  added  to  the  milk  without  altering  the  taste, 
rmrger  amounts  of  iron  are  useful  temporarily  in  the  man¬ 
agement  of  iron-deticiency  anemia.  It  is  inadvisable,  how¬ 
ever,  to  give  more  than  10  mg.  of  iron  daily  for  each  kilo¬ 
gram  of  body  weight;  this  is  the  equivalent  of  250  to  300 
mg.  (4  to  5  grains)  of  one  of  the  iron  salts  mentioned,  for 
a  baby  of  4.5  kilograms  (10  pounds)  weight.  Larger 
quantities  of  iron  not  only  give  no  increased  benefit,  but 
they  may  be  definitely  detrimental  and  often  cause  gastro¬ 
intestinal  disturbances. 


Copper 

Copper  is  needed  for  the  utilization  of  stored  and  ab¬ 
sorbed  dietary  iron  in  its  conversion  to  hemoglobin.  The 
amount  needed  is  small.  The  ratio  of  1  mg.  of  copper  to 
10  mg.  of  iron  is  commonly  considered  as  optimum  in  in¬ 
creasing  the  hemoglobin  level  of  the  blood.  If  the  iron  re¬ 
quirement  of  the  infant  is  placed  at  1  mg.  for  each  kilogram 
of  body  weight,  the  daily  copper  requirement  would  be 
0.1  mg.  A  small  amount  of  copper  is  stored  in  the  liver 
at  birth.  Human  milk  contains  from  0.21  to  0.28  mg.  to 
the  liter,  an  amount  which  supplies  approximately  40 
micrograms  for  each  kilogram  of  body  weight.  Fresh 
cow’s  milk  contains  from  0.09  to  0.21  mg.  to  the  liter,  an 
amount  that  might  be  inadequate  in  the  early  months  were 
it  not  for  the  liver  store.  In  the  commercial  handling  of 
cow’s  milk  (pasteurization,  evaporation,  drying),  exposure 
to  copper  alloys  permits  increases  in  the  copper  content, 
which  is  often  raised  to  that  of  human  milk,  or  highei.  ^  The 
supplementary  foods  used  in  infancy  contain  minute 
amounts.  In  general,  it  appears  that  the  amount  of  coppei 
in  the  baby’s  food,  though  small,  is  adequate  for  his  needs. 
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Except  in  the  presence  of  anemia,  the  addition  of  extra 
copper  to  the  diet  other  than  that  supplied  in  the  natural 
foods  is  of  questionable  value.  Furthermore  coppei  has  a 
distinct  toxic  action  and  the  etfects  are  cumulative.  In  the 
presence  of  anemia,  when  iron  salts  are  administered,  re¬ 
covery  may  be  hastened  by  the  addition  of  a  small  amount 
of  copper  for  a  short  period  of  time.  Commercial  iron 
salts  used  in  medication  usually  contain  some  ■  cojipei', 
though  not  the  10  per  cent  desiralile  for  iron  utilization 
Inasmuch  as  tlie  maximum  amount  of  iron  given  to  a  baby 
with  anemia  should  not  exceed  10  mg.  for  each  kilogram 
of  l)ody  weight,  the  amount  of  copper  should  not  exceed 
one-tenth  of  this  amount,  or  1.0  mg.  for  each  kilogram.’ 
In  terms  of  copper  sulfate,  1.0  mg.  of  copper  corresi^onds 
to  4  mg.  of  the  salt,  or  0.4  ml.  of  a  1  per  cent  solution. 


Iodine 

Iodine  is  necessary  for  normal  functioning  of  the  thyroid 
^.,land.  At  birth  the  thyroid  of  a  normal  infant  weighs  from 
1.5  to  2  grams.  In  iodine  deficiency  the  size  of  the  gland 
is  increased  up  to  .10  grams  or  more.  Thyroxin  is  formed 
in  the  normal  fetal  thyroid  some  time  before  birth. 

The  iodine  requirement  during  infancy  is  not  yet  known, 
but  it  must  be  small,  as  the  requirement  for  adults  is 
stated  to  be  0.002  to  0.004  mg.  for  each  kilogram  daily. 
Iodine  deficiency  of  the  mother  affects  the  fetus,  the  degree 
of  hypothyroidism  in  the  infant  paralleling  the  amount  of 
deficiency  in  the  mother.  In  regions  where  goiter  is  preva¬ 
lent,  the  use  ot  iodized  salt  by  pregnant  women  lias  de¬ 
creased  the  incidence  of  cretinism  markedly!  The  hio-her 
iodine  content  of  the  iodized  salt  of  this  country  (1  part 
o  iodide  to  10,000  parts  of  salt)  is  more  efficient  in  pro- 
phylaxis  than  the  lower  content  used  in  Switzerland.  Often 
additional  iodine,  10  mg.  weekly,  is  given  to  nongoitrous 
pregnant  women  in  districts  where  goiter  is  common. 

le  iodine  content  of  both  human  and  cow’s  milk  is 
variable,  depending  entirely  on  the  iodine  content  of  the 
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1*00(1.  Ill  i*oi;ioiis  wlu'ro  ii;oitor  is  ])revalent,  the  soil  and 
water  are  poor  in  iodine  and  tlie  iodine  content  of  milk  (as 
ol  oilier  loods)  may  he  ne^ii<;'ihle.  On  the  otlier  liand,  near 
llie  sea  coast,  the  iodine  content  of  cow’s  milk  may  he  from 
1.5  to  2  iiii*;.  to  the  (]iiart — or  more  than  100  times  as  great 
as  the  lowest  values  reiiorted  for  other  regions.  Human 
milk  varies  in  iodine  content  from  0.02  to  0.15  mg.  (20  to 
lot)  micrograms)  to  the  liter.  Of  the  sup[)lementary  foods 
given  to  the  infant,  cod-liver  oil  is  the  host  source  of  iodine. 
A  teasjioonful  of  cod-liver  oil  adds  12  to  50  micrograms  to 
the  day’s  intake.  '^Fhe  iodine  content  of  egg  yolk  varies 
with  the  iodine  intake  of  the  hen.  Of  the  other  foods,  in 
any  given  locality  the  green  vegetables,  milk,  and  fruit 
usually  contain  more  iodine  than  the  cereals  grown  in  that 
locality. 

It  a])pears  from  experiments  with  rats  that  50  to  100 
times  the  minimum  pi'otective  dose  of  iodine  does  not  affect 
the  rate  of  growth  or  result  in  any  other  signs  of  toxicity. 
Infants  receiving  from  5  micrograms  up  to  a  maximum  of 
()00  micrograms,  daily,  remain  apparently  normal.  It  ap- 
])(Nirs  that  the  iodine  needs  of  the  infant  who  is  receiving- 
one  teaspoonful  of  cod-liver  oil  daily  are  adequately  met. 
A  more  detinite  statement  of  requirement  must  await  fur¬ 
ther  investigation. 

Fluorine 

The  fluorine  of  the  ])ody  is  ('hielly  in  the  hones  and 
teeth.  The  tluorine  content  of  hone  tends  to  increase  with 
the  age  of  the  jierson.  Fluorine  apjiears  to  he  essential 
for  good  tooth  calcitication,  as  carious  teeth  have  a  lower 
content  of  tluorine  than  sound  teeth.  The  tluorine  ingested 
in  foods  is  utilized  much  less  than  that  in  water.  I  he 
jiresence  of  tluorine  in  drinking  water  in  an  amount  ol 
about  one  ])art  ])er  million  during  the  ])eriod  of  calcitication 
of  the  teeth  ])roduces  harder  teeth  that  are  more  caries  in- 
sistant  than  the  average  for  this  country.  Ingestion  of 
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siicli  water  after  tlie  teeth  have  erujjted  seems  also  to  liave 
a  favorable  effeet  on  resistanee  to  dental  caries,  thougfi 
fluorine  is  only  one  of  several  factoi's  iinjiortant  in  deter¬ 
mining  tlie  resistance  of  tlie  teeth.  An  excessive  amount 
of  fluorine,  l.o  to  2  parts  per  million  or  more,  in  drinking 
water  during  the  jieriod  of  tootli  calcification,  leads  to  the 
formation  of  soft  clialky  enamel  tliat  discolors  and  erodes 
easily.  This  condition  is  designated  as  mottled  enamel. 
Sucli  teeth  are  somewhat  more  resistant  to  decay  than 
teeth  with  low  fluorine  content,  Init  decay,  once  started, 
is  devastating  liecause  tlie  chalky  material  will  not  liold 
fillings  well. 

Manganese 


Kvidence  is  accumulating  that  manganese  is  an  e.ssen- 
tial  element  for  growth,  development,  and  reproduction  of 
many  species.  It  seems  essential  in  hone  formation  and 
for  functioning  of  certain  enzyme  systems.  Changes  in 
the  bones  of  young  animals  suffering  from  manganese  de¬ 
ficiency  differ  from  those  of  rickets  and  may  be  due  to 
suppression  of  o.steogenesis.  It  appears  that  other  factors 
of  the  diet,  calcium,  phosphorus,  and  the  vitamins,  influence 
the  degree  of  utilization  of  manganese  bv  animals  and 
birds.  As  many  soils  are  deficient  in  manganese,  the  pos¬ 
sibility  of  human  deficiency  must  be  presumed,  althomdi 
such  deficiency  has  not  yet  been  reco^mized.  ^ 


Cobalt 

Cobalt  has  lieen  fouud  important  in  liemoRlohin  forma¬ 
tion  m  certain  animals,  hut  no  need  hy  tlie  liuman  lias 
been  shown.  Any  trial  use  of  col, alt  should  he  attended 
"ith  great  caution  hecau.se  of  po.ssihle  trixic  effects. 

Zinc 

Zmc  is  widely  distributed  in  animal  and  plant  tissues 
and  IS  essential  for  the  nutrition  of  plants  Tho  l  ’  '  ’ 
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in  red  blood  cells,  in  the  pancreas,  spleen,  liver,  and  kid¬ 
ney.  Supposedly  zinc  functions  as  an  integral  part  of  cer¬ 
tain  enzyme  complexes,  as  carlionic  anliydrase  and  insulin. 
Apparently  little  danger  of  zinc  delieiency  exists  in  tins 
country  because  of  its  wide  distribution  in  food  plants. 

Acid-Base  Balance 

In  the  ash  or  mineral  residue  of  both  human  and  cow’s 
milk,  basic  constituents  are  slightly  in  excess  of  acid.  In 
most  fruits  and  vegetables  the  excess  of  base  is  more 
marked  than  in  milk,  whereas  in  cereals,  eggs,  and  meats, 
acid  constituents  predominate.  In  the  infant’s  ordinary 
diet  there  is  not  a  sufficient  excess  of  either  acid  or  base 
to  be  of  any  special  significance.  Consequently  the  acid- 
base  equilibrium  of  the  infant  ordinarily  requires  no  atten¬ 
tion  during  health.  Departures  from  the  normal  acid-base 
balance  as  they  occur  in  certain  illnesses  require  special 
management  and  are  discussed  elsewhere. 


CHAPTER  VII 
THE  VITAMINS 


Tlie  vitamins  are  organic  compounds,  needed  by  the  body 
in  minute  amounts,  which  tlie  body  is  unable  to  synthesize, 
although  certain  of  them  may  be  synthesized  in  small 
amount  by  bacteria  in  the  intestinal  tract  under  favorable 
circumstances.  Their  grouping  under  one  class!  (ication  is 
largely  due  to  historical  inliuence,  as  chemically  they  have 
less  in  common  with  each  other  than  with  certain  other 
chemical  comjDounds  in  the  body. 

Knowledge  of  the  chemical  nature  and  physiological 
effect  of  the  vitamins  has  grown  with  increasing  rapidity 
each  successive  year.  Many  have  now  been  isolated  and 
synthesized.  AVith  the  advent  of  vitamins  in  pure  form, 
the  physiological  effect  of  each  has  been  more  accuratelv 
determined,  and  knowledge  of  the  normal  requirements  is 
becoming  more  precise. 

It  is  noAv  known  that  two  or  more  compounds  closely  re¬ 
lated  chemically  may  exert  a  similar  vitamin  effect.  Thus 
there  are  several  compounds  with  vitamin  D  activity,  sev¬ 
eral  with  vitamin  K  activity. 

A  common,  though  artificial,  division  of  the  vitamins 
separates  them  into  two  classes:  one  soluble  in  fat  and  con- 
sisting  of  vitamins  A,  D,  E,  and  K,  the  otlier  soluiile  in 
water  and  including  the  B  eoiniilex  and  vitamin  C.  Tliis 
division  according  to  soinhility  is  not  precise,  for  some 
compounds  with  vitamin  K  activity  are  water-soluble.  It 
s  however  a  convenient  designation,  inasmuch  as  two  or 

membts'ofae 
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Vitamin  A 


\  itamiii  A  exists  in  two  chemical  forms  known  as  Ai  and 
Ao.  Other  forms  of  vitamin  A  may  occur,  hnt  none  has 
yet  been  isolated,  \dtaniin  A  activity  is  possessed  also  by 
certain  carotenoids  which  are  converted  to  vitamin  A  in 
the  l)ody.  Those  carotenoids  with  vitamin  A  activity  that 
are  of  interest  in  human  nutrition  are  alpha,  l)eta,  and 
gamma  carotene,  and  cryptoxanthine.  These  pigments  give 
the  yellow  color  to  many  fruits  and  vegetables  and  are 
also  found  in  green  vegetables  in  association  with  cliloro- 
phyl. 

Vitamin  A2  seems  to  occur  only  in  fresh-water  fish,  where 
it  exists  together  with  vitamin  Ay,  it  seems  to  have  vita¬ 
min  A  activity,  but  little  is  known  of  its  relative  value. 
Vitamin  Ai,  the  familiar  colorless  form  found  in  animal 
products  (milk,  eggs,  fish  oils,  especially  fish-liver  oils),  is 
easily  utilized  by  human  beings  at  all  ages.  The  provita¬ 
mins  are  less  efficiently  utilized  even  by  adults,  and  pre¬ 
sumably  infants  are  still  less  efficient,  although  it  has  been 
reported  that  almost  40  per  cent  of  the  carotene  ingested 
by  the  baliy  is  absorbed. 

It  seems  to  be  established  that  the  esters  of  vitamin  A 
(as  found  in  naturally  occurring  products,  such  as  fish-liver 
oils)  have  a  greater  iiiological  activity  and  are  more  stable 
than  the  free  form,  which  is  found  in  the  nonsaponified 
fractions  of  these  oils.  In  other  words,  the  vitamin  A  of  the 
original  oil  is  more  stable  and  better  utilized  than  the  form 
in  the  concentrate  of  these  oils. 


Vitamin  A  is  essential  for  body  growth  and  for  the  noi- 
mal  status  of  epithelial  structures.  It  is' important  for  or¬ 
derly  bone  growth  and  is  necessary  for  normal  metaphyseal 
activity.  It  is  a  component  of  visual  purple  and  visual 
violet,  retinal  ])igments  responsible  for  the  ability  to  see 
in  a  dim  light.  Deficiency  of  vitamin  A  in  animals  during 
early  ])regnancv  leads  to  malformations  of  the  fetus  with 
defective  eyes  and  other  structures.  Vitamin  A  has  been 
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knoAvn  in  the  past  as  tlie  anti-infective  vitamin,  but  such 
a  designation  is  not  applicable  to  vitamin  A  more  than  to 
other  vitamins,  except  in  so  far  as  epithelial  changes  in  the 
conjunctiva  and  respiratory  tract  resulting  from  vitamin  A 


i  _ 

Fig.  5.-Xerophthalmia,  tlie  result  of  a  diet  deficient  in  vitamin  A. 


deficiency  predispose  to  secondary  invasion  by  bacteria 
The  changes  in  the  conjunctiva,  wlieii  in  an  advanced  state 
give  use  to  tlie  condition  known  as  xerophthalmia.  Anion o- 
tlie  ear  best  of  the  clinical  demonstrable  changes  resiiltino. 
from  vitamin  A  deficiency  are  those  affecting  dark  adapta" 
tion,  or  the  ability  to  see  in  a  dim  light.  * 
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The  vitamin  A  of  both  Immaii  milk  and  cow’s  milk  occurs 
as  a  mixture  of  vitamin  A  and  carotene,  the  total  amount 
and  distribution  dependin^j  on  the  diet  in  the  case  of  hu¬ 
man  beings  and  on  the  feed  and  breed  in  the  case  of  cattle. 
The  total  amount  in  cow’s  milk  varies  from  22  to  90 
international  units  to  each  fluid  ounce,  or  from  730  to  3000 
units  to  the  liter,  depending  on  the  season  and  the  type  of 
feed.  Winter  milk  in  this  country  averages  36  units  to  the 
fluid  ounce  or  1200  to  the  liter,  and  summer  milk  56  units 
to  the  fluid  ounce  or  1875  to  the  liter.  The  vitamin  A  con¬ 
tent  of  human  milk  varies  widely  among  individual  women. 
In  this  country  and  in  Europe  the  average  range  of  values 
reported  for  human  milk  seems  to  be  within  the  range 
found  for  cow’s  milk.  It  has  been  reported  that  for  cer¬ 
tain  districts  in  the  Far  East  human  milk  may  contain  as 
little  as  one-third  the  average  amounts  reported  for  this 
country.  It  is  quite  possible,  then,  that  a  woman  ingesting 
a  very  restricted  diet  will  secrete  milk  containing  little 
vitamin  A.  Colostrum,  lioth  human  and  bovine,  is  very 
rich  in  vitamin  A,  containing  from  2  to  10  times  the  amount 
found  after  lactation  is  established.  The  amount  of  colos¬ 
trum  secreted  is  so  much  less  than  that  of  milk  after  lac¬ 
tation  is  established  that  the  day’s  intake  of  the  vitamin 
from  colostrum  is  usually  lower  than  the  intake  after  lac¬ 
tation  is  established. 

Vitamin  A  and  the  carotenoids  are  absorbed  from  the 
small  intestine  after  hydrolysis,  and  are  re-esterified  in  the 
intestinal  wall  with  either  the  fat  carrier  or  other  fatty 
acids.  The  vitamin  appears  to  be  absorbed  more  rapidly 
from  unsaturated  than  from  saturated  fats,  and^  the  rate 
of  absorption  seems  to  be  increased  when  lecithin  is  fed. 
The  peak  of  absorption  occurs  three  to  five  hours  after 
ingestion.  Absor])lion  is  increased  in  the  presence  of  bile. 
Transfer  through  the  l)ody  occurs  both  through  the  hmi- 
phatics  and  in  the  blood  stream.  The  absoriition  of  caro¬ 
tene  is  much  less  efficient  in  infants  than  that  of  preformed 
vitamin  A.  Carotene  is  easily  soluble  in  mineral  oil  and  is 
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carried  from  tlie  intestinal  tract  l)y  the  oil  when  it  is  used 


as  a  laxative.  Vitamin  A  is  somewliat  less  soluble  in  min¬ 
eral  oil  than  carotene.  Preferably  mineral  oil  should  not 
be  given  to  infants  or  small  children,  and  at  any  age  it 
should  he  given  out  of  relationship  to  meals. 

Any  disturbance  of  fat  ahsor])tion  will  affect  the  absorp¬ 
tion  of  vitamin  A,  as  well  as  of  other  fat-carried  vitamins. 
Celiac  disease,  cystic  disease  of  the  pancreas,  hepatitis, 
and  obstruction  of  the  bile  ducts  are  associated  with  poor 
absorjition  of  vitamin  A.  Absorjition  is  decreased  in  acute 
and  chronic  infection.  In  diarrheal  diseases  absorption 
of  all  food  components,  including  vitamin  A,  is  decreased. 
Impairment  of  absorption  of  vitamin  A  has  been  reported 
for  an  infant  with  intractable  eczema. 

\itamin  A  can  be  stored  in  relatively  large  amounts 
in  the  liver  and  a  goodly  store  is  to  be  considered  normal 
and  desirable.  In  genei’al,  the  storage  is  in  proportion 
to  intake  and  utilization.  During  illness  and  in  certain 
abnormal  states  absorjition  is  impaired  and  the  stores  be¬ 


come  depleted. 

The  plasma  vitamin  A  of  newborn  infants  seems  to 

bear  no  consistent  relationshi])  to  that  of  the  mother.  The 

reported  range  is  wide,  namely,  from  24  to  167  units  for 

each  100  ml.  for  infants  and  48  to  170  units  for  each  100 

ml.  for  the  mothers.  The  plasma  vitamin  A  tends  to  fall 

for  the  first  few  days  after  hirtli,  then  rises  as  feeding  is 

estahlished.  Tlie  plasma  vitamin  A  of  older  infants  is 

within  the  range  for  adults,  but  prematnrelv  born  infants 

usually  show  a  low  plasma  level  and  poor  liver  storage.  In 

general,  a  high  level  of  plasma  vitamin  A  indicates  some 

storage  and  a  low  plasma  level  indicates  poor  or  no  storage 

These  relationships  may  not  liohl  for  the  individual  per' 
son,  however.  viuiun  pei- 

The  carotene  content  of  the  serum  of  newborn  infants 
l.as  been  found  to  be  low  (0  to  1.3  micrograins  for  eacliToO 
nil.)  wliereas  the  values  for  the  mothers  varied  from 
to  230  micrograms  for  each  100  ml.  ^ 
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At  one  time  it  was  tlionglit  tliat  a  relationship  existed 
between  the  amount  of  vernix  caseosa  in  tlie  newborn  and 
the  level  of  vitamin  A  in  plasma,  but  no  correlation  ap¬ 
pears  to  exist. 

The  vitamin  A  requirement  of  young  mammals  has  been 
studied  liy  the  dark  adaptation  technique  and  by  examina¬ 
tion  of  blood  levels.  By  the  former  technique  apparently 
all  Avarm-blooded  animals  studied,  including  human  be¬ 
ings,  have  approximately  the  same  requirement  for  each 
unit  of  body  weight.  It  is  generally  agreed  that  the  re¬ 
quirement  is  in  relation  to  body  Aveight.  Current  recom¬ 
mended  alloAvances  for  Autamin  A  are  based  on  the  con¬ 
cept  that  the  requirement  of  the  young  is  greater  in  pro¬ 
portion  to  Aveight  than  that  of  the  mature.  The  e\ddence 
for  a  greater  requirement  is  not  on  a  satisfactory  basis, 
though  apparently  the  young  sIioaa"  eAudence  of  deficiency 
more  quickly  than  do  the  mature.  The  minimum  require¬ 
ment  for  the  adult  is  presumably  the  same  as  that  for  the 
infant  and  has  been  estimated  at  20  units  (4  micrograms) 
as  Adtamin  A  or  40  units  (25  micrograms)  as  carotene 
for  each  kilogram  of  body  Aveight.  An  intake  to  permit 
satisfactory  storage  has  been  estimated  at  three  times  the 
minimum  requirement.  On  this  basis  a  liaby  at  one  year 
of  age,  AA^eighing  10  kilograms,  Avill  liaA^e  a  minimum  daily 
reciuirement  of  200  units  as  vitamin  A  and  400  units  as 
carotene;  satisfactory  intakes  for  storage  Avould  be  600 
units  as  preformed  Autamin  A  and  1200  units  as  carotene. 
On  the  basis  of  the  belief  that  the  requirement  for  the 
young  is  doulile  that  of  the  adult,  a  satisfactoiy  intake 
would  be  1200  units  as  vitamin  A  or  2400  units  as  carotene. 
Using  the  blood  level  as  the  criterion,  LeAvis  and  co-Avork- 
ers  liave  ])laced  the  requirement  for  infants  at  lietAveen 
100  and  200  units  for  each  kilogram  of  body  Aveight.  An 
alloAvance  of  1500  units  daily  for  infants  under  one  year 
of  age  has  been  recommended  by  the  National  Kesearch 
Council;  this  allowance  Avas  intended  to  be  an  ample  one. 
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A  ])aby  ingesting  100  nil.  of  lunnan  or  cow’s  milk  for 
each  kilogram  of  body  weight  (iy2  ounces  to  the  iiound) 
will  receive  from  100  to  200  units  of  total  vitamin  A  for 
each  kilogram  of  body  weight  from  the  milk  alone.  Such 
an  amount  should  be  adequate,  especially  since  a  consider¬ 
able  portion  is  present  as  preformed  vitamin  A.  Results 
of  studies  with  infants  corroliorate  this  view. 

Observations  have  been  made  on  the  response  in  rate  of 
growth  and  development  of  two  groups  of  infants,  one 
given  only  the  vitamin  A  of  the  food,  the  other  given  a 
considerable  addition.  Such  studies  have  shown  no  ap¬ 
preciable  difference  between  the  two  groups.  Similarly, 
studies  of  the  incidence  of  infection  in  two  such  groups 
showed  no  significant  difference,  whether  large  amounts  of 
vitamin  A  were  given  or  only  the  vitamin  A  of  the  food. 


Studies  of  dark  adajitation  in  infants  were  initiated  by 
Clemmesen  of  Denmark.  The  infant  is  held  in  the  dark 
by  a  nurse  until  the  child  is  quiet,  but  awake.  A  very  dim 
light  is  moved  across  the  child’s  field  of  vision  several 
times.  If  the  child  turns  his  head  toward  the  light,  it  is 
assumed  that  he  has  seen  it;  the  least  quantity  of  light  that 
provokes  this  reaction  is  called  the  “minimum  per¬ 
ceptible.”  Infants  deficient  in  vitamin  A  need  much  more 
light  than  do  normal  infants.  The  test  is  thus  similar  to, 
but  cruder  than,  those  used  for  older  children  and  adults. 
Studies  carried  out  in  this  country,  using  this  technique, 
indicate  that  the  vitamin  A  content  of  the  milk  formida 
is  ample  for  dark  adaptation  by  the  well  infant.  These 
studies,  therefore,  corrol)orate  those  in  which  the  rates  of 
growth  and  develo])ment  were  used  as  the  criteria  of  ade¬ 


quacy. 

It  must  be  pointed  out  that  illness,  particularly  infection, 
increases  the  requirement  for  or  decreases  the ‘alisonitioii 
o  yitamin  A  markedly,  and  an  amount  of  this  vitamin 
that  iirovides  amply  for  the  needs  of  the  well  child  mav 
ho  inadeqvmte  for  tlie  aioU  ono.  Infoetion  greatly  .ieereases 
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the  alisorption  of  carotene  by  infants,  and  the  livers  of 
infants  dying  after  several  days  of  illness  often  contain 
no itaniin  A,  in  contrast  to  the  relatively  high  vitamin  A 
content  of  livers  of  infants  after  sudden  death.  When  im¬ 
pairment  of  absorption  of  vitamin  A  exists,  the  amount  in 
the  diet  should  be  considered  insufficient,  and  an  additional 
amount  should  l:)e  given,  preferably  as  preformed  vitamin 
A  rather  than  as  carotene. 

Prematurely  born  infants  at  birth  have  a  smaller  store 
of  vitamin  A  in  the  liver  than  do  babies  born  at  term.  In 
addition,  the  prematurely  born  infant  often  absorbs  fat 
poorly,  so  that  the  amount  of  fat-soluble  vitanuns,  includ¬ 
ing  vitamin  A,  absorbed  may  be  inadequate.  It  is  thus 
desirable  to  add  vitamin  A,  as  well  as  vitamin  D,  to  the 
diet  of  the  prematurely  born  infant  soon  after  birth. 

llypervitaminosis  A  has  been  rei^orted  in  a  boy  three 
years  of  age  who  had  received  daily  aliout  340,000  units 
of  vitamin  A  during  most  of  his  lifetime.  The  disturbance 
was  characterized  by  hypoplastic  anemia,  leukopenia,  in¬ 
crease  in  serum  phosphatase,  lipids  and  vitamin  A,  in¬ 
creased  size  of  liver  and  spleen,  abnormally  rapid  epiphy¬ 
seal  and  carpal  develoi^ment  together  with  decalcification 
of  the  skeleton.  The  child’s  hair  was  sparse  and  coarse 
and  the  fingers  clubbed. 

Vitamin  D 

Vitamin  I)  is  concerned  with  the  utilization  of  calcium 
and  phosphorus.  Though  rarely  an  infant  may  be  en¬ 
countered  who  has  good  utilization  of  these  minerals  with 
a  vitamin  T)  intake  that  would  ordinarily  be  considered 
negligible,  most  infants  in  the  temperate  zone  require  vita¬ 
min  D  in  addition  to  the  minute  amounts  normally  found  m 
milk  or  in  other  food  that  the  infant  receives.  When  infants 
are  deprived  of  vitamin  D,  the  mineralization  of  bones  and 
teeth  is  defective,  and  rickets  develops.  Infantile  tetan) 
often  is  related  to  vitamin  D  deficiency.  Because  vitamin 
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D  is  concerned  witli  the  mineralization  and  giowtli  of  the 
skeleton,  it  is  related  also  to  the  growth  of  the  body  in 
length. 

Vitamin  D  is  present  in  milk,  eggs,  and  a  few  other  foods, 
but  the  amounts  present  are  unimportant  when  considerec 
in  relation  to  the  requirement  of  the  growing  infant  and 
child.  Ultraviolet  rays  from  the  sun,  or  from  artificial 
sources,  act  on  cholesterol  in  the  skin,  with  the  foimation 
of  vitamin  D.  The  amount  of  vitamin  D  thus  formed  may 
be  adequate  for  the  baby’s  needs  if  the  baby  is  sufficiently 
exposed.  Such  conditions  may  be  attained  liy  exposure  to 
the  sun  during  the  summer,  luit  rarely  in  the  winter.  It  be¬ 
comes  necessary  therefore,  at  least  during  the  colder  sea¬ 
sons,  to  supply  vitamin  D  from  special  sources.  In  hot 
climates  the  baby  usually  is  protected  from  direct  exposure 
to  the  sun  and  may  develop  rickets  as  severe  as  is  found  in 
colder  regions. 

Several  forms  of  vitamin  D  exist,  but  those  most  com¬ 
monly  in  use  are  vitamin  U.,  or  activated  7-dehydrocholes- 
terol,  the  chief  form  occurring  naturally  in  cod-liver  oil 
and  vitamin  D2  (calciferol,  activated  ergosterol),  commonly 
sold  in  this  country  under  the  name  of  viosterol.  Appar¬ 
ently  the  two  types  of  vitamin  D  are  utilized  differently 
by  certain  species,  but  it  is  probable  that  the  difference 
in  effect  of  the  two  forms  on  human  infants  is,  at  most, 
not  marked.  The  effect  of  concentration  of  the  vitamin  on 
its  utilization  is  probably  much  greater  than  the  effect  of 
the  type  of  vitamin  I).  Uihydrotachysterol,  called  AT  10 
(anti-tetany  ]U’eparation  No.  10),  has  some  effectiveness 
as  an  antirachitic,  but  is  definitely  inferior  to  vitamins  T)2 
and  D3. 


The  question  of  the  daily  requirement  of  vitamin  D  by 
tlie  well  infant  lias  been  the  subject  of  much  discussion 
Differences  of  opinion  are  largely  due  to  tlie  criteria  used 
for  determining  the  adequacy  of  dosage,  and  to  the  degree 
of  control  of  the  experimental  work.  It  seems  generally 
conceded  that,  for  accurate  studies,  the  work  must  be 
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carried  on  in  winter  and  tlie  infants  must  be  inpatients  un¬ 
der  careful  control  twenty-four  hours  a  day.  Thus,  it  has 
lieen  estalilished  that  milk  containing  135  U.S.P.  or  inter¬ 
national  units  of  vitamin  1)  to  the  quart  (140  units  to 
the  liter)  will  prevent  the  development  of  clinically  signifi¬ 
cant  rickets  in  the  average  full-term  infant  ingesting  the 
quantities  of  milk  usually  fed.  Such  an  infant  receives 
from  60  to  135  units  of  vitamin  I)  daily  according  to  age, 
and  the  average  intake  for  the  first  ten  months  approxi¬ 
mates  110  units  a  day,  a  relatively  small  intake.  It  has 
also  been  established  that  these  infants  grow  and  develop 
at  average  rates. 

Infants  who  are  given  300  to  400  units  of  vitamin  D  daily 
as  cod-liver  oil,  or  who  are  fed  milk  vdtli  400  units  of  vita¬ 
min  D  to  the  quart  (415  units  to  the  liter),  permitting  an 
average  daily  intake  of  a])out  325  units  throughout  in¬ 
fancy,  retain  more  calcium  and  phosphorus  and  grow  some¬ 
what  faster  than  infants  fed  135-unit  milk.  Their  average 
muscular  development  is  more  rapid,  and  dentition  is 
earlier  than  in  the  preceding  group.  The  question  as  to 
which  rate  of  growth  is  to  be  considered  “normal”  may 
be  answered  by  a  study  of  infants  fed  the  higher  level  but 
suffering  from  mild  chronic  infections  during  their  first 
year.  Such  baliies  tend  to  grow  and  develop  at  a  slower 
rate  than  their  healthier  mates  and  approximate  the  rate, 
of  those  given  the  lower  vitamin  1)  dosage. 

On  the  other  hand,  infants  given  1800  to  2000  units  of 
vitamin  1)  daily  as  cod-liver  oil,  or  as  cod-liver-oil  concen¬ 
trate  dispersed  in  milk,  grow  rapidly  for  the  first  few 
months,  then  slowly,  so  that  the  average  rate  of  growth 
for  infancy  is  far  slower  than  that  of  the  300-  to  400-unit 
group,  and  even  slower  than  that  of  the  babies  given  13o 
unit  milk.  Decreasing  the  daily  vitamin  D  intake  to  400 
units  results  in  an  increased  growth  rate  within  six  to  eight 
weeks.  In  a  large  outpatient  study,  infants  fed  1500  units 
of  vitamin  I)  daily  grew  at  the  same  rate  as  tliose  fed  135- 
unit  milk,  a  rate  slower  than  that  of  infants  given  300  to 
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400  units  daily,  l)ut  not  so  slow  as  tliat  of  infants  given 
2000  units  or  more  each  day.  It  a])i)ears  fi*oni  these  studies 
that  amounts  of  vitamin  I)  much  above  1000  units  dail\ 
may  be  considered  as  moderately  toxic  for  the  infant. 

A  study  of  the  efficiency  of  utilization  of  concentrated 
sources  of  vitamin  D  shows  that  infants  vary  widely  in 
their  ability  to  utilize  the  vitamin  in  concentrated  form.  A 
very  few  infants  apparently  utilize  all  the  vitamin;  many, 
judging  from  their  retention  of  minerals  and  tlieir  rates  of 
growth  and  development,  are  able  to  utilize  only  one-lialf 
or  less  of  the  total  dosage.  When  concentrates  are  given  in 
the  amount  of  4000  units  daijy,  the  infants  show  the  same 
symptoms  of  excessive  dosage  as  do  those  given  1800  to 
2000  units  as  cod-liver  oil  or  cod-liver-oil  milk. 

For  these  reasons  it  is  concluded  that  the  source  of  vita¬ 
min  D  fed  to  infants  should  preferably  contain  not  more 
than  180  units  to  the  gram  of  oil  or  other  vehicle.  An 
amount  approximating  300  to  400  units  daily  is  sufficient 
for  sound  growth  and  develo])ment  and  permits  sufficient 
retention  of  calcium  and  phosphorus  to  provide  a  reserve 
supply  in  the  bone  for  growth.  It  appears  probable  that 
the  optimum  vitamin  D  intake  is  close  to  this  amount.  A 
very  low  or  very  high  vitamin  D  intake  results  in  a  slower 
and  less  steady  rate  of  growth  and  development  during 
the  period  of  infancy. 


It  must  be  emphasized  that  the  baby  needs  vitamin  D  ad¬ 
ditions  as  soon  as  possible.  Cod-liver  oil  or  other  suital)le 
form  of  vitamin  D  should  be  given  in  tlie  lirst  two  weeks 
after  birth  and  the  dose  should  be  increased  as  rapidly  as 
possible  until  300  to  400  units  are  ingested.  If  the  use  of 
concentrated  pre])arations  is  considered  desirable,  allow¬ 
ance  must  be  made  for  the  lessened  efficiency  of  utilization. 
Six  hundred  to  eight  hundred  units  daily  should  be  ample* 

Within  recent  years  tlie  use  of  a  single  inassive  dose  of 
\itamin  I)  has  been  advocated  for  jirevention  and  cure  of 
iickets.  Doses  as  higli  as  a  million  units  of  crystalline 
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vitainiii  Do  (25  mg.)  liave  lieen  given  to  rachitic  infants, 
and  amoiints  of  from  200,000  to  600,000  units  (5  to  15  mg.) 
of  vitamin  Dg  and  of  vitamin  Da  liave  been  administered 
for  prophylaxis.  The  vitamin  D  has  been  given  both  orally 
and  parenterally.  ]\[ost  of  the  reports  of  this  procedure 
indicate  adequate  effectiveness  in  prevention  or  cure  with 
no  evidence  of  injury  to  the  infants.  However,  the  proce¬ 
dure  must  be  considered  as  questionable  until  better  evi¬ 
dence  of  lack  of  harm  becomes  available.  If  2000  units 
daily  for  five  to  six  months  (total  300,000  to  360,000  units) 
cause  slowing  of  growth,  the  effect  on  growth  of  from 
200,000  to  600,000  units  given  in  a  single  dose  should  be 
known  before  its  use  becomes  common.  The  effects  may 
be  even  more  serious  than  slowing  of  growth.  Some  in¬ 
fants  and  children  who  have  died  after  such  therapy  have 
shown  calcification  of  various  tissues  and  extreme  renal 
damage.  Some  advocates  of  this  type  of  therapy  claim 
that  the  kidney  damage,  when  iiresent,  must  have  pre¬ 
ceded  the  vitamin  therapy.  However,  it  is  known  that 
one  of  the  first  evidences  of  hypervitaminosis  D  is  increase 
of  excretion  of  calcium  in  the  urine,  followed  by  increase 
in  serum  calcium.  In  an  experiment  in  which  20,000  units 
of  vitamin  D  for  each  kilogram  of  body  weight  was  given 
to  each  of  three  dogs,  the  serum  calcium  of  one  dog  re¬ 
mained  above  12  mg.  for  each  100  ml.  of  serum  for  more 
than  two  months;  the  dog  showed  no  gastrointestinal  dis¬ 
tress  or  other  sign  of  toxicity. 


Vitamin  K 

The  name  vitamin  K  (Koagulations-vitamin)  was  pro¬ 
posed  by  Dam  of  Copenhagen  to  designate  a  substance 
necessary  to  prevent  a  hemorrhagic  disease  of  chickens.  In 
this  disease,  which  is  characterized  by  low  blood  pro¬ 
thrombin  values  and  a  marked  delay  in  the  clotting  of  the 
blood,  the  addition  of  vitamin  K  to  the  diet  increased 
blood  prothrombin  to  the  normal  level.  Vitamin  K  has 
since  been  found  essential  also  for  normal  prothrombin 
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formation  in  man.  It  acts  indirectly:  that  is,  it  is  not  a 
prostlietic  group  of  prothrombin.  Several  liours  are  re¬ 
quired  for  its  effectiveness  to  be  manifest,  and  presumably 
the  liver  is  involved  in  the  process.  When  the  pure  vitamin 
was  isolated,  it  was  shown  to  have  a  quinoid  structure,  and 
the  substance  was  proved  to  be  2-methyl-3-pliytyl-l,4- 
naphthoquinone.  This  substance  has  been  given  the  non¬ 
proprietary  designation  “menadione.”  Many  other  de¬ 
rivatives  of  naplithoquinone  have  vitamin  K  activity,  and 
some  have  tlie  advantage  of  being  water-soluble.  The 
simplest  of  these  is  2-methyl-l,4-naphtlioquinone.  Tlie 
fat-soluble  forms  of  the  vitamin,  commonly  present  in  food, 
are  not  absorbed  in  the  absence  of  bile  salts.  Tlie  Avater- 
soluble  forms  apparently  are  readily  absorbed  even  in  the 
absence  of  bile  salts  from  the  intestine. 

Vitamin  K  adequacy  in  the  infant  may  be  measured  by 
the  amount  of  ])rothrombin  in  tlie  blood.  Several  studies 
have  shoAvn  that  the  prothrombin  of  newborn  infants  tends 
to  be  markedly  lower  than  that  of  the  maternal  blood,  and 
may  be  very  low  if  the  diet  of  the  mother  has  lieen  inade¬ 
quate.  A  further  loAvering  occurs  betAveen  the  first  and 
sixth  days.  The  leA^els  of  prothrombin  may  decline  to  as 
little  as  10  per  cent  of  the  normal  adult  level,  yet  hemor¬ 
rhage  may  not  occur.  In  adults  such  a  prothrombin  level 
would  be  accompanied  liy  serious  hemorrhage.  It  thus 
seems  clear  that  infants  do  not  develop  a  tendency  to 
bleeding  unless  the  hypoprothrombinemia  is  extreme. 
Some  factor  or  factors  must  operate  in  early  infancy  to 
inciease  utilization  of  prothrombin.  3416  exact  amounts  of 
prothrombin  reported  in  the  blood  of  the  newborn  infant 
appear  to  depend,  in  part,  on  the  method  used  Values 
obtained  with  the  two-stage  test  differ  from  those  of  the 
various  one-stage  tests.  The  rate  of  conversion  of  pro- 
thrombm  to  thrombin  is  inlluenced  by  several  factors,  some 
ot  which  cannot  be  evaluated  in  the  simpler  tests 

Vitamin  K  given  to  normal  newborn  infants '^increases 
the  amount  of  prothrombin  in  the  blood.  In  normal  infants 
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not  given  vitamin  Iv,  tlie  prothrombin  level  begins  to  rise 
spontaneously  on  the  sixth  day  after  birth,  after  feeding 
has  become  estal)lished.  It  is  known  also  that  some  intes¬ 
tinal  bacteria  can  synthesize  vitamin  K.  The  prothrombin 
level  of  the  blood  does  not  reach  adult  level,  however,  until 
toward  the  end  of  the  first  year. 

The  blood  prothrombin  of  prematurely  born  infants  has 
been  reported  to  be  as  low  as  one-third  of  that  found  in 
normal  full-term  infants,  and  only  10  per  cent  of  the  values 
of  the  maternal  bloods.  No  hemorrhages  were  reported 
in  the  prematurely  born  infants  studied. 

Infants  with  hemorrhagic  disease  of  the  newborn  show 
blood  prothrombin  values  still  lower  than  do  normal  in¬ 
fants.  A  rise  in  prothroml)in  occurs  coincident  with  cessa¬ 
tion  of  hemorrhage.  When  such  infants  are  treated  with 
vitamin  K,  hemorrhage  ceases  and  prothrombin  levels  be¬ 
come  equal  to  those  of  normal  newborn  infants.  Hemor¬ 
rhagic  disease  of  the  newborn  is  therefore  considered  to  be 
the  result  of  vitamin  K  deficiency.  In  hemolytic  anemia 
of  the  newlmrn  (the  several  varieties  of  erythroblastosis), 
the  blood  prothrombin  content  is  greatly  reduced,  and  may 
be  nil.  Evidence  exists  that  the  maternal  supplies  of 
vitamin  K,  along  with  vitamin  C  and  certain  minerals,  are 
essential  for  early  growth  of  the  embryo.  The  two  vita¬ 
mins  appear  to  be  important  in  the  prevention  of  abortion 
and  of  ante-partum  bleeding. 

Administration  of  vitamin  K  to  the  mother  before  partu¬ 
rition,  or  to  the  infant  after  birth,  will  prevent  the  usual 
decrease  in  prothroml)in.  Prophylactic  administration  of 
vitamin  K  to  mothers  at  least  four  hours  before  parturition 
may  be  expected  to  eliminate  hemorrhagic  disease  of  the 
newborn  and  to  reduce  the  incidence  of  intracranial  hemor¬ 
rhage.  Vitamin  K  should  be  administered  especially  to 
mothers  in  cases  of  maternal  toxemia,  difficult  or  instru¬ 
mental  deliverv,  or  ])remature  labor.  It  should  also  be 
given  to  any  newborn  infant  if  cerebral  symptoms  of  any 
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sort  develop,  as  well  as  to  all  infants  with  hemorrhagic 
disease  of  the  newborn,  intracranial  hemorrhage,  icterus 
gravis,  and  anemia,  and  should  he  administered  loiitinelj 
whenever  siirgerv  is  recpiired  during  the  hist  ^\eek  of  life. 
In  cases  of  congenital  ohliteration  of  the  hile  ducts,  a  ^^atel- 
soluhle  vitamin  K  should  he  given,  especially  as  a  prelim- 
inarv  to  surgical  ])rocedure.  In  prolonged  vomiting  the 
absorption  of  vitamin  K  will  he  ])oor,  and  hypoprothrom- 
hineniia  may  develop. 

Infants  can  utilize  at  least  several  of  the  compounds  with 
vitamin-K  activity.  If  those  soluble  only  in  fat  are  used, 
absorption  may  he  poor  unless  hile  salts  also  are  given. 
Those  soluble  in  water  are  possibly  preferable  for  infants. 


Vitamin  E 


Vitamin  E  (alpha,  beta,  and  gamma  tocojdierol)  is  essen¬ 
tial  for  normal  reproduction  in  animals.  Its  place  in  hu¬ 
man  nutrition  has  not  yet  been  established.  When  deficient 
in  the  diet  of  the  female  animal,  conception  occurs,  hut  the 
fertilized  ovum  is  resorhed.  When  deficient  in  the  diet  of 
the  male,  spermatogenesis  is  defective.  When  minimum 
amounts  are  fed  to  the  female,  the  young  may  he  horn  alive, 
but  suffer  from  muscle  dvsf unction  and  are  weaklv.  Youna: 
suckling  rats  deprived  of  vitamin  E  develop  a  flaccid  pa¬ 
ralysis  which  can  he  cured  by  the  ingestion  of  the  vitamin. 


The  muscle  tissue  presents  the  same  appearance  as  the 
affected  muscle  of  pseudohypertrophic  muscular  dystrophy 
of  children.  However,  vitamin  E  therapy  in  muscular 
dystrophy  has  been  wholly  without  success.  Vitamin  E 
has  such  a  wide  distribution  in  our  foods  that  there  would 
appear  to  he  little  opportunity  for  deficiency  except  as 
utilization  may  he  impaired.  Vitamin  E  acts  as  a  valuable 
antioxidant,  preserving  other  fat-carried  vitamins  in  food 
from  oxidation  during  storage,  and  ])rotecting  fat  from 
development  of  ranciditv. 
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The  Vitamin-B  Complex 

Knowledge  of  the  chemical  nature  and  physiological 
effect  of  the  vitamin-B  complex  has  grown  rapidly  in  the 
past  few  years.  Originally  known  as  “water-soluble  B” 
and  latei  separated  into  two  components  known  as  heat- 
labile  and  heat-stable  fractions,  it  is  now  known  to  include 
many  factors.  Several  components  have  been  isolated  and 
synthesized,  and  the  presence  of  many  others  has  been  sus¬ 
pected.  Those  meml)ers  most  fully  studied  include  thia¬ 
mine  (vitamin  Bi,  aiieurin),  riboflavin  (vitamin  Ba,  vita¬ 
min  G)  and  nicotinic  acid  (niacin)  and  its  amide.  Pyri- 
doxine,  pantothenic  acid,  biotin,  folic  acid,  choline,  inositol, 
para-aminobenzoic  acid,  and  probably  several  other  vita¬ 
mins  are  also  included  in  the  complex.  Some  of  these 
appear  to  be  essential  for  certain  sj^ecies  only;  certain 
others  determined  but  vaguely  may  turn  out  to  be  merely 
definite  proportions  of  the  vitamins  already  isolated. 

•In  general,  it  may  be  said  that  the  members  of  the  vita¬ 
min-B  complex  tend  to  occur  together  in  nature,  though  the 
relative  proportions  of  the  different  members  in  any  one 
food  may  differ.  For  example,  cow’s  milk  contains  more 
riboflavin  in  i^roportion  to  the  other  B  vitamins  than  is 
found  in  meat  or  wheat  germ.  The  proportions  of  the  dif¬ 
ferent  members  of  the  B  group  differ  in  wheat  germ,  yeast 
and  liver,  yet  all  are  considered  excellent  sources  of  the 
complex. 

Physiologically  the  action  of  the  group  is  somewhat  simi¬ 
lar.  Thiamine,  riboflavin,  nicotinic  acid,  and  probably 
otlier  members  of  the  B  complex,  each  forms  a  part  of  a 
complex  enzyme  molecule  belonging  to  the  group  of  so- 
called  respiratory  enzymes  and  associated  in  the  body  with 
oxidation-reduction  (respiratory)  reactions  of  the  cell. 
Each  is  combined  with  johosphate,  a  protein,  and  usually 
some  other  molecule  to  form  the  enzyme.  The  “yellow 
enzyme  of  Warburg”  is  composed  of  protein,  riboflavin, 
pentose,  and  phosphate,  and  activates  molecular  oxygen  so 
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the  cell  can  use  it.  The  enzyme  carboxylase  is  made  up  of 
protein  and  thiamine  pyrophosphate.  The  respiratory 
enzyme  of  Warburg  is  made  up  of  a  protein,  adenine,  two 
pentose  molecules,  three  phosphoric  acid  molecules,  and 
nicotinic  acid  amide. 

Obviously  a  deficiency  of  a  single  B  vitamin  rarely  if 
ever  occurs.  In  fact,  it  is  now  usually  considered  that  no 
human  vitamin  deficiency  is  single;  all  are  multiple,  though 
the  lack  of  one  vitamin  may  ])redominate.  In  any  multiple 
deficiency  disease  the  giving  of  a  single  vitamin  may  result 
in  the  alleviation  of  one  set  of  symptoms,  but  usually  with 
exacerbation  of  other  symptoms  jirevioiisly  unnoted  or  con¬ 
sidered  minor.  For  this  reason  it  seems  wiser  for  prophy¬ 
lactic  purposes  to  obtain  vitamins  from  food  than  from 
concentrates,  and  in  any  deficiency  ample  intake  of  all 
known  vitamins  should  be  provided.  Particularly  must 
such  patients  be  watched  for  manifestations  of  other  vita¬ 
min  deficiencies. 

Thiamine 


Thiamine  (vitamin  B,  vitamin  B,,  aneurin,  antiberiberi 
vitamin,  antineuritic  vitamin)  is  a  water-soluble  compound 
containing  both  nitrogen  and  sulfur,  and  is  related  to  the 
pigment  thiochrome.  It  is  easily  destroyed  by  heat.  The 
usual  synthetic  product  in  commerce  is  the  hydrochloride 
of  thiamine. 

Plants  synthesize  thiamine.  It  is  stored  in  the  bran 
coats  of  seeds,  and  to  a  lesser  extent  is  formed  in  leaves. 
Thiamine  is  contained  in  animal  tissues,  milk  and  eggs. 
Organ  meats  contain  the  high(‘st  concentration.  It  is  not 
stored  in  the  animal  body  to  any  great  extent.  Yeast  cells 

and  some  bacteria,  including  certain  intestinal  flora  svn- 
thesize  thiamine.  ’  ‘ 

The  occurrence  ot  thiamine  deficiency  in  man  proves 
Hiat  tlie  intestinal  llora  cannot  be  deiieiuied  on  to  produce 
sufficient  tluaimne  to  meet  linman  reqnirenientR.  It  is  pos 
Slide  that  certain  precursors  must  be  provided.  Svniliesis 
of  varying  amounts  of  tlnamine  in  the  intestine  is'a  prob- 
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able  cause  for  the  discrepancy  in  apparent  thiamine  re¬ 
quirement  noted  by  different  observers. 

riiiamine  occurs  in  the  body  both  free  and  as  the  pyro¬ 
phosphate  ester  and  is  a  component  of  one  or  more  of  the 
respiratory  enzymes  concerned  in  the  utilization  of  carbo¬ 
hydrate  by  the  tissues.  The  enzyme  carboxylase  is  com¬ 
posed  of  a  protein,  a  metallic  ion,  probably  magnesium, 
and  thiamine  pyrophosphate.  The  nonprotein  part  of  an 
enzyme  is  called  a  coenzyme.  Thus,  thiamine  pyrophos¬ 
phate  is  spoken  of  as  cocarboxylase.  In  the  absence  of  car¬ 
boxylase,  carbohydrate  oxidation  is  incomplete  and  as  a 
result  pyruvic  acid  collects  in  the  tissues  and  blood.  Thia¬ 
mine  alone  is  ineffective  in  oxidizing  pyruvic  acid,  but 
thiamine  pyrophosphate  (cocarboxylase)  is  very  effective. 
It  is  thought  that  all  nucleated  cells  can  idiosphorylate 
thiamine,  so  that  the  vitamin  may  be  ingested  either  as 
thiamine  or  as  cocarboxylase  and  be  efficiently  utilized. 

Formerly  vitamin  Bi  was  assayed  and  spoken  of  quan¬ 
titatively  in  terms  of  units.  Since  the  isolation  of  thiamine 
this  material  is  referred  to  in  terms  of  weight.  One  micro- 
gram  or  one  gamma  is  one  one-thousandth  of  a  milligram 
and  is  the  equivalent  of  one-third  of  a  unit. 

The  daily  requirement  of  thiamine  depends  on  the 
amount  of  carbohydrate  to  be  oxidized.  Apparently  thia¬ 
mine-containing  enzymes  are  not  needed  in  the  breakdown 
of  fat  l)y  the  body,  so  the  requirement  is  related  directly 
to  the  nonfat  calories  of  the  diet.  Thus  a  baby  whose  en¬ 
ergy  requirement  is  satisfied  by  a  low-fat  diet  would  have 
a  higher  requirement  of  thiamine  than  a  baby  whose  energy 
need  is  siqi])lied  ])y  a  diet  made  up  largely  of  whole  milk. 

No  close  agreement  yet  exists  as  to  the  daily  require¬ 
ment  of  the  baby  for  thiamine.  The  League  of  Nations 
standard  (1935)  was  150  micrograms  (50  units)  daily. 
The  minimum  recpiireinent  adopted  by  the  U.  S.  Food^  and 
Drug  Administration  for  regulatory  purposes  is  225  micro¬ 
grams  as  an  average  for  the  first  year  of  life.  The  Food 
and  Nutrition  Board  of  the  National  Besearch  Council  has 
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stated  400  iiiicrogTains  as  a  recoinnieiKled  allowance  (not 
ininimiim  requirement)  at  the  age  of  six  months. 

Another  method  of  statement  that  has  had  the  sanction 
of  widespread  usage  is  that  the  minimum  requirement  is 
30  micrograms  for  each  100  calories  of  food  ingested.  On 
this  basis  the  recommended  allowance  should  be  50  micro- 
grams  for  each  100  calories. 

The  thiamine  content  of  human  milk  depends  on  the 
amount  ingested  by  the  mother.  It  is  difficult  to  increase 
the  thiamine  content  to  more  tlian  27  to  33  micrograms  to 
each  100  ml.  (8  to  10  to  the  ounce)  and  the  average  is 
nincli  less  than  this  amount,  in  the  neighborhood  of  15 
micrograms  to  each  100  ml.  (3  to  5  micrograms  to  the 
ounce),  after  lactation  is  established.  During  the  first  two 
weeks  of  lactation  the  thiamine  content  of  luunan  milk 
varies  from  0  to  9  micrograms  to  each  100  ml. 

Cow’s  milk  usually  contains  more  thiamine  than  does 
human  milk,  but  the  amounts  are  widelv  variable.  Various 
analyses  of  cow’s  milk  place  the  content  of  thiamine  at 
from  17  to  70  micrograms  to  eacli  100  ml.  (5  to  22  to  the 
ounce),  with  the  average  value  about  38  micrograms  to 
each  100  ml.  (12  to  the  ounce).  During  pasteurization  ap- 
])roximately  10  per  cent  is  lost.  Milk  that  is  boiled  for  a 
short  time  (three  minutes)  loses  approximately  10  per  cent 
of  its  thiamine.  During  commercial  evaporation  the  loss 
is  approximately  20  per  cent.  Storage  of  evaporated  milk 
at  room  temiierature  causes  a  continued  loss  of  thiamine, 
])rodueing  a  total  loss  after  eight  months’  storage  of 
amounts  up  to  40  ])er  cent  of  the  quantity  present  in  the 
raw  milk  from  which  it  was  prepared. 

The  components  of  the  baby’s  diet  other  than  milk  con¬ 
tain  small  amounts  of  thiamine.  As  fed,  orange  juice,  to- 

KHiin  cereals  proMde 
GO  to  80  micrograms  for  each  100  ml.  (18  to  25  to  the  ounce). 

.  n  egg  yolk  ]n'ovides  50  to  75  micrograms.  Sieved  fruits 

loo  ml"  0  to  each 

iUU  ml.  (0  to  20  to  the  ounce). 
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If  tile  requirement  for  thiamine  of  30  micrograms  for 
each  100  calories  is  acceptable  as  a  minimum  standard, 
human  milk  should  contain  20  micrograms  to  each  100  ml. 
(6  to  the  ounce)  in  order  to  carry  its  own  share.  Such  a 
level  can  be  achieved  only  when  the  maternal  diet  contains 
ample  amounts.  Much  evidence  exists  that  the  diet  of 
many  women  contains  suboptimum  amounts  of  thiamine. 
Clements  has  rej^orted  the  occurrence  of  thiamine  defi¬ 
ciency  among  breast-fed  babies  in  Australia.  The  milk  in¬ 
gested  by  these  babies  contained  less  thiamine  for  each 
100  ml.  than  the  milk  of  mothers  whose  infants  were  thriv- 
ing.  All  breast-fed  infants  lu’esumably  ingest  very  little 
thiamine  during  the  first  two  weeks  after  birth.  Such 
stores  as  were  present  at  birth  are  probably  depleted 
within  a  few  days. 

Mild  thiamine  deficiency  in  infants  is  associated  with 
symptoms  not  specific  for  the  disturbance.  Failure  to  gain 
properly,  constijiation,  vomiting,  restlessness,  and  fretful¬ 
ness  are  reported.  All  symptoms  are  alleviated  within  a 
few  days  by  administration  of  thiamine.  As  the  deficiency 
becomes  more  severe,  the  infants  become  flabby  and  ema¬ 
ciated,  and  the  facial  expression  is  that  of  suffering.  These 
infants  are  very  susceptible  to  infection.  In  still  more 
severe  thiamine  deficiency  edema  is  commonly  present. 
Thiamine  deficiency  in  pregnant  women  is  associated  with 
retarded  growth  or  death  of  the  fetus. 

The  artificially  fed  baby  fares  somewhat  better  as  re¬ 
gards  vitamin  B,,  when  customary  formulas  are  prepared 
from  boiled  fresh  milk  of  average  thiamine  content.  Such 
formulas  contain  their  share  of  the  requirement.  Formulas 
prepared  from  evaporated  milk,  however,  do  not  contain 
quite  their  share  of  the  requirement  unless  the  product  is 
less  than  four  months  old.  The  average  lapse  of  time  be¬ 
tween  production  of  evaporated  milk  and  its  retail  sale  has 
been  estimated  to  be  three  and  one-half  months.  The  cus¬ 
tomary  addition  of  an  ounce  of  orange  juice  to  the  diet  in 
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the  early  weeks  of  life  usually  may  he  considered  as  adding 
enough  thiamine  to  meet  minimum  requirements,  even 
when  boiled  or  evaporated  milk  of  low  thiamine  content  is 
used.  Often,  however,  the  thiamine  intake  is  not  optimum 
until  additional  dietary  supplements  are  given. 


Riboflavin 


Riboflavin  (vitamin  B2,  vitamin  G,  lactoflavin)  has  been 
separated  in  pure  form  and  also  synthesized.  It  is  a  water- 
soluble,  deep  yellow  pigment,  with  a  marked  green  fluores¬ 
cence.  In  its  pure  form  it  is  sensitive  to  light,  but  in  foods 
it  appears  to  be  somewhat  protected.  The  riboflavin  con¬ 
tent  of  milk  is  decreased  rapidly  on  exi^osure  to  sunlight. 
Riboflavin  is  a  constituent  of  several  known  enzymes,  either 
as  riboflavin  ifliosphate  (riboflavin  mononucleotide)  or  as 
riboflavin  adenine  dinucleotide. 

Riboflavin  is  essential  for  human  beings.  The  most  strik¬ 
ing  evidences  of  deficiency  are  changes  in  the  eyes  and 
about  the  mouth.  One  of  the  earliest  changes  is  an  injec¬ 
tion  of  the  conjunctiva  about  the  cornea.  Associated  with 
this  change  are  ijliotophobia,  a  burning  sensation  of  the 
eyeballs  and  dimness  of  vision  referred  to  as  “twilight 
blindness.”  As  the  eye  lesion  progresses,  the  cornea  be¬ 
comes  vascularized  and  interstitial  keratitis  results.  When 


the  mouth  is  affected,  a  specific  type  of  glossitis  may  be 
piesent,  the  more  characteristic  lesion  is  a  chronic  inflam¬ 
mation  of  the  lips  (cheilitis),  especially  at  the  angles  of 
the  mouth.  Seborrhea  of  the  nasolabial  folds,  ali  nasi,  eye¬ 
lids  and  ears  also  occurs.  All  these  lesions  are  cured  by 
the  administration  of  riboflavin  when  caused  by  riboflavin 

deficiency.  Some  of  them  may  be  caused  by  other  con¬ 
ditions. 

Acute  riboflavin  deficiency  lias  been  produced  in  doo-s 
resulting  in  sudden  collapse  ivitli  marked  fall  in  body 
temperature  and  respiration  rate.  The  collapse  is  sup¬ 
posedly  due  to  deficient  oxidation  of  carbohydrate,  espe- 
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daily  by  the  brain,  due  to  the  lack  of  the  respiratory  en¬ 
zyme  of  which  riboflavin  is  a  part.  In  chicks  and  in  pigs 
deficiency  of  riboflavin  may  result  in  irreparable  damage 
to  main  nerve  trunks.  Riboflavin  deficiency  in  pregnant 
rats  results  in  congenital  deformities  of  the  eyes  and  the 
skeleton  in  the  young.  Riboflavin  deficiency  has  not  been 
proved  a  cause  of  congenital  malformation  in  the  human 
infant. 

The  quantity  of  riboflavin  in  human  milk  varies  with  the 
intake  of  the  mother.  Reported  values  vary  from  15  to 
50  micrograms  for  each  100  ml.  (1  to  11  micrograms  to  the 
ounce),  with  an  average  value  of  10  micrograms  for  each 
100  ml.  in  this  country.  Cow’s  milk  contains  more  than 
three  times  as  much  riboflavin  as  human  milk,  180  to  200 
micrograms  for  each  100  ml.  or  55  to  60  micrograms  to  the 
ounce.  The  riboflavin  content  of  milk  is  apparently  un¬ 
affected  by  heat  treatment.  Other  good  sources  of  ribo¬ 
flavin  for  the  infant  are  liver,  egg  yolk,  and  green  vege¬ 
tables,  which  add  750,  1600  and  15  to  70  micrograms,  re¬ 
spectively,  for  each  ounce  (30  grams)  fed.  The  question 
of  synthesis  of  riboflavin  by  intestinal  flora,  particularly 
of  breast-fed  infants,  needs  further  study. 

Animal  experiments  indicate  that  the  riboflavin  require¬ 
ment  is  approximately  50  per  cent  greater  than  that  for 
thiamine.  The  minimum  daily  requirement  for  the  infant 
is  given  by  the  U.  S.  Food  and  Drug  Administration  as 
500  micrograms  (0.5  mg.).  The  recommended  allowance 
of  the  National  Research  Council  is  600  micrograms  (0.6 
mg.)  for  the  midportion  of  the  first  year.  The  infant  fed 
customary  formulas  of  cow’s  milk  has  an  intake  well  above 
this  minimum.  The  breast-fed  baby  must  ingest  a  liter  or 
more  of  milk  dailv  to  ol)tain  the  minimum  amount  stated. 
If  the  mother’s  cliet  is  poor  in  riboflavin,  the  intake  of 
the  baby  may  be  well  below  the  minimum.  The  early  addi¬ 
tion  of  other  foods  to  the  diet  seems  desirable,  particularly 
when  the  mother’s  diet  is  poor. 
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Nicotinic  Acid 

Nicotinic  acid  or  its  amide  (Niacin,  P-P  or  pellagra  pre¬ 
ventive  factor)  is  the  chief  food  component  required  for 
the  prevention  of  the  pellagra  syndrome.  The  compound 
lias  been  known  as  a  chemical  entity  tor  years,  but  onK 
recently  has  it  been  ])roved  to  be  the  chief  effective  agent 
in  pellagra  prevention.  A  diet  deficient  only  in  nicotinic 
acid  is  practically  impossible  to  obtain,  except  under  in¬ 
tentional  and  experimental  conditions.  Consequently, 
pellagra  is  nearly  always  associated  with  symptoms  of  de¬ 
ficiency  of  several  of  the  B-comjilex  factors. 

Nicotinic  acid,  like  other  members  of  the  vitamin-B  com¬ 
plex,  is  a  component  of  oxidation-reduction  (respirator}^) 
enz\Tnes  of  the  body.  The  compound  has  been  synthesized’ 
and  it  has  been  shown  that  related  compounds  convertible 
to  nicotinic  acid  by  the  body  are  equivalent  to  the  pure  nico¬ 
tinic  acid  itself.  It  occurs  in  the  enzymes  probably  in  the 
form  of  its  amide. 


The  metabolism  of  nicotinic  acid  seems  to  lie  linked  with 
that  of  iron.  Dogs  with  nicotinic  acid  deficiency  develo]) 
severe  macrocytic  anemia  which  res])onds  to  nicotinic  acid 
therapy.  The  cons])icuous  ])igment  of  ])ellagrins  contains 
iron.  Porphyrinuria  is  a  relativo’v  early  sign  of  nicotinic 
acid  deficiency.  Some  evidence  that  nicotinic  acid  affects 
the  iron  containing  enzyme  systems  has  been  reported. 


The  requirement  of  the  infant  for  nicotinic  acid  can¬ 
not  be  stated  at  present  with  accuracy.  The  adult  requires 
apju-oximately  15  mg.  daily  for  prevention  of  iiellagra, 
and  20  mg.  is  commonly  stated  as  a  satisfactory  intake! 
If  the  requirement  is  proportional  to  the  energy  intake, 
the  infant  would  require  one-third  or  less  of  the  amount 
necessary  for  the  adult.  Animal  experiments  indicate  that 
the  requirement  for  nicotinic  acid  is  8  to  10  times  that  for 
thiamine  at  all  stages  of  development. 


The  nicotinic  acid  content  of  cow’s  milk  is  approximately 
mg.  to  the  liter  or  30  micrograms  to  the  ounce.  Human 
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milk  contains  about  1.8  mg.  to  tlie  liter.  An  egg  yolk  con¬ 
tains  about  200  micrograms  and  beef  liver  14.2  mg.  for 
each  100  giams.  Tomato  is  a  poor  source  of  nicotinic  acid. 
Potato  and  spinach  provide  1.5  to  2.0  mg.  for  each  100 
grams  (450  to  600  micrograms  to  the  ounce).  Milk  is  a 
poor  source  of  nicotinic  acid  compared  with  the  other  foods 
reported.  Its  high  content  of  some  of  the  other  factors  of 
the  vitamin  B  complex  may  account  in  part  for  its  efficacy 
in  the  treatment  of  pellagra.  It  is  possible  also  that  milk 
ma}^  contain  substances  convertible  to  nicotinic  acid  within 
the  body.  Such  substances  have  been  found  in  wheat  bran. 
Some  evidence  exists  also  that  nicotinic  acid  may  be  syn¬ 
thesized  by  bacteria  in  the  intestinal  tract.  The  conditions 
favorable  to  such  synthesis  have  not  been  determined.  The 
efficacy  of  milk  in  prevention  and  treatment  of  pellagra  is 
related  also  to  the  finding  that  nicotinic  acid  and  trypto¬ 
phane  are  complementary  to  each  other.  The  addition  of 
tryptophane  to  a  diet  will  compensate  for  moderate  defi¬ 
ciency  of  nicotinic  acid.  It  is  noteworthy  that  corn,  a 
prominent  component  of  the  diet  in  pellagrous  regions,  lias 
a  relatively  low  content  of  both  nicotinic  acid  and  trypto¬ 
phane  and  also  probably  contains  an  “antivitamin”  or 
structural  analogue  of  nicotinic  acid  which  competes  with 
the  vitamin  in  the  body  but  has  no  vitamin  effect.  Trypto¬ 
phane  and  nicotinic  acid  probably  both  counteract  the  anti¬ 
vitamin. 

Nicotinic  acid  deficiency  is  reported  to  cause  cyanotic 
attacks,  spasticity  and  convulsions  in  infants.  Pellagra  is 
a  multiple  deficiency  disease  involving  nicotinic  acid  and 
other  B-group  vitamins.  It  occurs  in  infants  whose  moth¬ 
ers  have  had  inadequate  diets  during  pregnancy  and  lac¬ 
tation.  Such  Avomen  secrete  milk  probably  of  poor  quality, 
and  often  of  insufficient  quantity,  so  that  the  infant  must 
be  weaned  early.  The  diets  after  weaning  are  usually  in¬ 
adequate.  The  infants  develop  poor  appetites  and  become 
irritable  and  apprehensive,  with  restless  sleep.  Constipa¬ 
tion  is  common  but  may  alternate  with  periods  of  diairhea. 


a 


THE  VITAMINS 


119 


Soreness  of  lips  and  tongue  is  a  frequent  syinptoiii,  but  the 
typical  lesions  of  pellagra  are  rarely  seen  in  infancy.  Ke- 
sponse  to  nicotinic  acid  therapy  is  dramatic.  It  is  sug¬ 
gested  that  in  areas  where  pellagra  is  endemic,  the  pres¬ 
ence  or  absence  of  pellagra  should  be  tested  by  means  of 
the  response  to  nicotinic  acid.  It  has  been  reported  also 
that  Vincent’s  angina  is  relieved  by  the  administration  of 
nicotinic  acid.  The  rationale  of  this  procedure  is  to  achieve 
normalitv  of  the  mucous  membrane  of  the  mouth  and 
throat,  so  that  it  is  able  to  resist  bacterial  invasion. 


Folic  Acid 

Folic  acid  (pteroylglutamic  acid,  L.  casei  factor,  vitamin 
Be,  vitamin  M)  is  a  constituent  of  the  vitamin  B  complex, 
the  isolation  and  identification  of  which  have  been  ap¬ 
proached  through  various  channels  by  several  observers. 
Because  of  the  diversity  ot*  approach,  it  is  not  yet  wholly 
clear  whether  all  the  products  included  under  this  designa¬ 
tion  are  identical.  A  factor  has  been  isolated  from  liver, 
from  yeast,  and  from  leafy  vegetables  that  is  necessary  for 
hematopoiesis  of  various  species,  including  man.  It  has 
been  found  to  be  necessary  also  for  the  growth  of  certain 
liacteria,  notalily  Lactobacillus  casei  and  Streptococcus 
lactis  R.  Early  it  was  designated  as  the  norit  eluate  factor. 
Subsequently  this  factor  or  a  similar  one  was  called  vita¬ 
min  Be,  the  c  representing  the  relationship  to  the  chicken, 
in  which  species  the  factor  prevents  anemia.  The  terrn 
folic  acid  was  derived  from  folium  (leaf)  and  it  is  now  used 
synonomously  with  the  term  L.  casei  factor.  Folic  acid 
(L.  casei  factor)  is  now  commercially  available  in  pure 
crystalline  form  and  the  factor  represented  by  this  crystal¬ 
line  form  IS  the  one  commonly  referred  to  as  folic  acid. 

Folic  add  has  been  shown  to  be  effective  in  producim- 
recovery  trom  certain  macrocytic  hyperchromic  anemias  in 
man.  It  has  been  found  to  be  effective  in  the  treatment  of 
le  anemia  of  sprue  and  to  some  extent  in  the  anemia  of 
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celiac  disease.  Used  alone,  it  does  not  give  complete  relief 
in  pernicious  anemia,  especially  from  the  neurological 
symptoms. 

Pyridoxine 

Pyridoxine  (vitamin  Be,  adermin,  rat  antidermatitis 
vitamin,  rat  acrodynia  vitamin)  is  widely  distrilmted  in 
plant  and  animal  tissues.  The  germ  and  bran  coats  of 
seeds  are  good  sources.  Organ  meats  contain  moderate 
amounts.  The  content  of  human  milk  is  approximately  the 
same  as  that  of  cow’s  milk,  about  65  niicrograms  for  each 
100  ml. 

The  effect  of  pyridoxine  deficiency  has  been  studied 
largely  in  animals ;  acrodynia-like  dermatitis,  epileptiform 
convulsions  and  disturliances  of  the  hematopoietic  system 
have  been  noted.  Bogs  and  pigs  with  pyridoxine  deficiency 
develop  microcytic  hypochromic  anemia  needing  both  pyri¬ 
doxine  and  iron  for  cure.  Flvidence  exists  that  pyridoxine 
may  be  concerned  with  utilization  of  unsaturated  fatty 
acids;  with  conversion  of  protein  to  fat;  with  regulation 
of  tryptophane  metabolism;  with  a  coenzyme  for  certain 
transaminases.  It  also  appears  that  pyridoxine  may  be 
of  importance  in  maintenance  of  normal  lymphoid  tissue 
and  that  deficiency  produces  suppression  of  antibodies. 

The  human  requirements  for  pyroxidine  are  unknown. 
It  must  be  assumed  that  the  needs  of  the  infant  are  sup¬ 
plied  by  customary  diets. 

Biotin 

Biotin  (vitamin  H,  factor  W)  is  classed  with  the  B  group 
of  vitamins.  It  is  widely  distributed  in  plant  tissues  and 
occurs  also  in  milk,  eggs,  and  especially  in  liver.  Deficiency 
in  animals  results  in  seborrheic  desquamation  of  the  skin.’ 
Experimental  deficiency  in  man  has  been  produced  by  feed¬ 
ing  large  amounts  of  raw  (dried)  egg  white,  which  con¬ 
tains  a  substance  avidin,  cai)able  of  destroying  biotin. 
Such  deficiency  results  in  a  striking  ashy  pallor  of  the 
skin  and  mucous  membranes,  followed  by  dryness  and 
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desquamation,  l.assitiide,  anorexia,  muscle  pains,  and  pre¬ 
cordial  distress  were  noted.  All  symptoms  were  relieved 
by  administration  of  biotin.  Deep  brown  pigmentation  of 
the  back  has  been  reported  in  infants  as  a  sign  of  biotin 
deficiency. 

Choline 


Choline  has  been  known  for  many  years  as  a  part  of  the 
lecithin  molecule.  Its  role  in  physiological  processes  has 
lieen  elucidated  only  recently.  It  appears  to  have  at  least 
three  functions  in  the  body.  (1)  It  is  necessary  for  the 
mobilization  of  fat  through  the  formation  of  ])hospholipid. 
In  the  absence  of  choline,  fat  accumulates  in  the  liver 
ra])idly.  Deficiency  of  other  of  the  B  vitamins,  notably 
thiamine  and  ])yridoxine,  is  also  associated  with  the  pro¬ 
duction  of  fatty  liver.  (2)  Choline  is  a  constituent  of 
acetvl  choline,  so  necessarv  in  the  transmission  of  nerve 
impulses.  (3)  Choline  is  a  source  of  labile  methyl  groups. 

Choline  can  be  svnthesized  in  the  bodv  to  a  certain  extent 

«  « 

from  other  compounds,  as  methionine  and  betaine,  which 
contain  methyl  groups.  The  amount  so  formed,  however, 
is  inadequate. 

Choline  given  to  dogs  decreases  the  rate  of  formation  of 
red  blood  cells. 


Other  B  Complex  Factors 


Members  of  the  vitamin  B  complex  other  than  those  dis¬ 
cussed  in  the  foregoing  include  pantothenic  acid,  inositol, 
and  ])ara-aminobenzoic  acid.  Little  is  known  of  the  re¬ 
quirement  of  these  vitamins  by  the  human.  Studies  with 


animals  indicate  that  ])antothenic  acid  is  necessarv  for 
giOAvtli,  and  in  at  least  one  s])ecies  its  deliciency  is  asso¬ 
ciated  with  hemorrhage  in  the  adrenal  glands.  Inositol  is 
said  to  l,e  ooncenied  in  the  I'OKiilation  of  gastrointestinal 
peristalsis.  It  inerea.ses  the  mobility  of  the  tract  and  iiieo- 
tiiiie  acid  siipiiosedly  decreases  inobilitv.  Inositol  is  stated 
also  to  be  lipotropic.  I’ara-aininobeiizoie  acid  inhibits  the 
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action  ol  tlu‘  suit onainidc  druid's,  duo  to  a  competitive  effect 
between  the  two  coinj)ounds.  It  is  said  to  be  effective  as 
a  detoxi(*ant  for  arsenicals. 

It  is  sj)ecilic  in  tlie  treatment  of  rickettsial  diseases;  its 
action  is  said  to  be  due  to  increasine,-  tlie  activity  of  cellular 
enzymes. 

Ascorbic  Acid 


Ascorbic  acid  (vitamin  C)  is  a  bexose  acid  essential  to 
man,  other  primates,  and  the  i;ninea  pig.  Other  animals 
studied  have  the  abilitv  to  svntbesize  it.  It  lias  been  svn- 
tliesized  in  the  laboratory  and  on  a  commercial  scale. 
Ascorbic  acid  is  a  strong-  reducing  agent  and  therefore  is 
easily  oxidized  with  loss  of  its  vitamin  activity.  Destruc¬ 
tion  is  favored  liy  the  ])resence  of  oxygen,  heat,  and  light. 
Copper,  even  in  minute  amounts,  acts  as  a  catalyst  in 
rapid  destruction.  Destruction  is  more  rapid  in  alkaline 
and  neutral  media  than  in  an  acid  medium. 

The  exact  function  of  vitamin  C  in  the  body  is  not  yet 
fully  understood.  A  ])art  of  the  functions  ascribed  to 
ascorbic  acid  mav  be  due  to  vilamin  D;  the  situation  needs 
clarilication.  The  theory  that  it  acts  as  a  resiiiratory 
catalyst  is  not  well  supported.  It  plays  an  essential  role 
in  growth  ])rocesses  and  is  found  most  abundantly  in  ac¬ 
tively  growing  tissues.  Its  relationship  to  enzymes  is  not 
yet  clear.  Experimental  evidence  indicates  that  at  least 
for  certain  poisons  ascorbic  acid  is  a  detoxifying  agent. 
The  effects  of  deficiency  are  noted  chielly  in  the  bones, 


teeth,  and  blood  vessels,  but  probably  this  material  is  neces¬ 
sary  for  all  living  cells.  Scurvy  is  the  clinical  entity  pro¬ 
duced  by  marked  deficiency.  In  scurvy  one  of  the  most 
striking*  clinical  changes  is  produced  by  hemorrhages 
caused  by  seepage  of  blood  through  capillary  walls.  The 
changes  in  the  capillary  walls  seem  to  be  dependent  pri- 
inariiy  on  growth  failure  of  the  connecting-tissue  support¬ 
ing  structure,  with  perhaps  loss  of  cement  substance  be¬ 
tween  cells.  Vitamin  0  is  important  for  maintaining  the 
normal  status  of  connective-tissue  cells  and  other  similai 
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cells,  also  of  the  bones  and  teeth.  The  patholo^'ical  changes 
are  discussed  further  under  Scurvy. 

Ascorbic  acid  occurs  in  many  fruits  and  vej^etahles. 
Citrus  fruits,  strawberries  and  some  other  berries,  pine¬ 
apple  arid  tomato  are  go^xl  fruit  sources,  especially  the  first 
two  groups.  \"egetables  of  the  cabbage,  pepper,  and  turnip 
families,  green  leafy  vegetables  as  cress,  parsley  and  the 
familiar  garden  giT^ens  are  excellent  sources.  I  he  “pot- 
lirjuor”  or  water  in  which  the  foregoing  vegetables  are 
cooked  is  a  cheap  sourr^i  for  the  infant.  The  vitamin-C 
content  of  cow’s  milk  depends  on  precursors  in  the  feed; 
the  quantity  of  the  vitamin  is  greater  in  spring  and  sum¬ 
mer  milk.  Milk  fresh  from  the  cow  may  normally  be  ex¬ 
pected  to  contain  20  mg.  to  the  liter,  or  even  slightly  more. 
Pasteurization  decreases  the  content  approximately  one- 
third.  Further  decreases  occur  during  the  time  elapsing 
between  milking  and  retail  distribution.  Exposed  copper 
in  the  pasteurizer  or  cooler  causes  almost  complete  loss, 
'fhus,  market  milk  in  a  city  will  have  a  much  lower  content 
of  vitamin  C  than  that  of  the  original  milk.  Values  as  low 
as  2  mg.  to  the  liter  hav'e  be^'n  found  for  comrnerciallv 
pasteurized  milk  three  days  old.  Even  though  well-handled 
milk  should  contain  an  amount  of  vitamin  C  tJiat  will  sup¬ 
ply  the  baby  with  an  important  part  of  his  requirement, 
this  source  of  the  vitamin  is  not  sufficiently  dependable! 
Tor  this  reason  it  has  tx,*come  customary  in  this  cr^untry 
to  consider  the  infant’s  milk  formula  as  possibly  devoid  of 
vitamin  C  and  to  supply  the  daily  need  from  supplements. 

Though  evaporated  milk  usually  is  processed  fairly 
promptly  after  milking,  the  greater  heat  treatment  cau^^es 
greater  losses  of  vitamin  C  than  in  the  case  of  pasteuriza¬ 
tion.  An  average  vitamin-C  value  for  reconstituted  evap¬ 
orated  milk  IS  approximately  6  rnjr.  to  the  liter  Po«<iblv 
because  of  the  shorter  period  of  heat  treatment  recon¬ 
stituted  dried  milk  has  its  vitamin-C  content  reduced  to  a 

rn?,'  tvfT;  '  ""  approximatelv  12 

rng.  to  the  liter. 
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4  he  ainoiiiit  of  ascorbic  acid  in  luiinan  milk  varies  with 
the  amount  of  vitamin  C  in  the  food.  If  the  mother’s  in¬ 
take  is  large,  the  milk  may  contain  from  60  to  75  mg.  to 
the  liter.  The  average  value  re])orted  in  this  country  is 
approximately  50  mg.  to  the  liter.  If  the  mother’s  vita- 
min-C  intake  is  low,  the  amount  in  the  milk  may  decrease 
to  practically  zero. 

* 

Of  the  supplementary  foods  customarily  given  infants, 
the  citrus  fruits  have  the  highest  content  of  vitamin  C. 
Orange  juice,  lemon  juice,  and  gra])efruit  juice  contain  an 
average  of  0.5  mg.  to  each  ml.,  or  15  mg.  to  the  Huid  ounce. 
Tomato  juice  contains  from  one-third  to  one-half  as  much 
as  orange  juice.  Canned  orange  juice  and  tomato  juice  are 
good  sources.  Cab])age  juice  and  “pot  liipior,”  or  juice 
of  boiled  greens,  are  good  sources  of  the  vitamin  which 
have  the  advantage  of  ])eing  cheap.  Extracts  of  rose  hips 
and  of  growing  tips  of  some  evergreens  have  been  used  in 
Europe  as  good  sources  of  vitamin  C.  Cooked,  sieved 
fruits  ready  for  feeding  contain  from  0.5  to  2  mg.  to  the 
ounce  (30  grams),  sieved  vegetaliles  0.5  to  6  mg. 

An  intake  of  10  mg.  of  ascorbic  acid  daily  is  sufficient  to 
prevent  scurvy  in  the  well  infant,  but  not  sufficient  to  main¬ 
tain  a  satisfactory  l)lood  level  or  tissue  concentration.  One 
of  the  criteria  that  has  been  used  in  an  attempt  to  deter¬ 
mine  the  vitamin-C  requirement  is  the  amount  of  this  mate¬ 
rial  in  the  blood.  All  animals  that  synthesize  their  own 
vitamin  C  have  approximately  the  same  blood  level,  viz., 
1.2  mg.  to  each  100  ml.  Certain  observers  believe  that  an 
amount  of  ingested  vitamin  C  that  Avill  maintain  this  blood 
level  should  be  regarded  as  the  optimum  reciuirement.  For 
the  infant,  such  an  intake  would  be  75  mg.  or  more  daily, 
an  amount  that  rarely  is  received  by  the  baby  from  foods, 
though  it  is  an  amount  that  could  l)e  received  from  human 
milk  if  the  mother’s  diet  contained  an  abundance.  Ascor¬ 
bic  acid  in  the  amount  of  20  mg.  daily,  given  to  the  artifi¬ 
cially  fed  young  infant  in  addition  to  whatever  may  be  in 
the  milk  formula,  has  been  found  to  permit  blood  levels 
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approximating  tliose  of  lialiies  receiving  Iminan  milk  of 
average  vitamin-C  content.  For  older  infants,  50  nig-.^dai  > 
may  be  required  to  permit  this  same  blood  level.  Lbeie- 
fore,  the  daily  requirement  of  the  infant  is  commonh 
accepted  as  2o'to  50  mg.  daily,  depending  on  tlie'age. 

The  concentration  of  ascorbic  acid  in  the  blood  of  the 
newborn  is  greater  than  that  in  the  blood  of  the  mothei, 
and  is  usually  above  0.7  mg.  and  often  above  1  mg.  to  each 
100  ml.  The  amount  decreases  ra])idly  in  the  artilicially 
fed  baby  so  that  by  the  tenth  day  the  average  amount  is 
less  than  0.4  mg.  to  each  100  ml.,  or  at  the  ])resc()rbutic 
level.  Unless  vitamin  C  is  added  to  the  diet  in  sufficient 
([uantity,  the  vitamin  C  of  the  blood  remains  very  low. 
'Idle  breast-fed  baby  whose  mother  is  ingesting  ample 
amounts  of  vitamin  C  shows  a  fairly  ra])id  increase  in  the 
vitamin-C  content  of  the  blood  soon  after  the  milk  flow 
is  established.  The  baby  who  is  fed  heat-treated  cow's 
milk,  or  human  milk  from  a  woman  whose  intake  of  vita¬ 
min  C  is  low,  cannot  maintain  a  satisfactory  blood  ascorbic 
acid  level:  vitamin  C  must  be  given.  As  the  blood  level 
is  low  by  the  tenth  day,  it  seems  highly  desirable  to  add  a 
vitamin-C  supplement  at  that  time,  particularly  for  arti¬ 
ficially  fed  babies,  instead  of  waiting  until  the  child  is 
three  or  four  weeks  of  age.  Beginning  with  one  teaspoon¬ 
ful  of  orange  juice,  the  healthy  baby  will  soon  tolerate  one 
to  one  and  one-half  ounces  (30  to  45  ml.)  daily.  This 
amount  seems  sufficient  for  the  very  young  infant,  but  after 
three  months  of  age  two  to  three  ounces  ((b  to  90  ml.)  a.day 
are  desirable,  or  an  equal  amount  of  the  vitamin  from 
other  sources.  Foi-  the  oldei-  baby,  foods  other  than  orange 
juice  contribute  matei-ially  to  the  vitamin-C  intake,  but 
these  must  be  chosen  with  care  and  intelligence  if  the 
stated  requirement  of  50  mg.  is  to  be  met. 

Claim  has  been  made  that  the  breast-fed  baby  does  not 
need  orange  jiiiee  or  otlier  source  of  vitamin  C.  No  doubt 
such  a  claim  would  be  correct  if  the  mother’s  intake  of  vita¬ 
min  C  were  ample.  In  existing  circumstances  the  require- 
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ment  of  tlie  infant  may  not  lie  fully  met  from  this  source 
alone.  The  addition  of  orange  juice  to  tlie  diet  of  the  baby 
makes  it  moie  certain  that  lie  Avill  receive  an  ample  supply. 
It  has  been  shown  that  the  vitamin-C  recpiirement  is  in¬ 
creased  by  infection.  The  present-day  practice  of  giving- 
additional  fruit  juice  to  the  sick  infant  or  child  is  thus 
sound  from  the  standpoint  of  vitamin-C  intake,  as  well  as 
of  increased  fluid  intake. 


Vitamin  P 

Evidence  has  accnnmlated  concerning  the  existence  of  a 
water-soluble  vitamin,  called  Autamin  P,  Avhich  is  present 
in  citrus  fruits  and  Avhich  is  the  factor  responsible  for  the 
integrity  of  the  capillary  Avail.  Citrus  fruits  seem  to  be 
the  richest  source  of  this  vitamin  so  far  investigated. 
Other  good  sources  are  grapes,  plums,  and  prunes.  The 
activity  of  the  vitamin  appears  to  diminish  Avith  storage 
of  the  fruit. 

Szent-Gyorgi,  who  first  discovered  Autamin  P,  isolated 
from  Hungarian  red  pepper  and  from  lemon  juice  a  flavone 
glucoside,  called  citrin,  Avhich  Avas  active  in  treatment  of 
increased  permeability  of  capillaries.  Later,  Szent- 
Gyorgi  separated  citrin  into  two  components,  the  glucoside 
hesperidin  and  the  glycoside  of  eriodictyol.  Others  be¬ 
lieve  that  the  eriodictyol  is  the  chalcone  of  hesperidin.  An¬ 
other  flavone  glucoside,  rutin,  A\diich  is  structurally  related 
to  hesperidin,  is  also  stated  to  have  vitamin  P  activity. 

The  relation  of  vitamin  P  to  the  requirement  of  ascorbic 
acid  probably  needs  reinvestigation.  The  finding  by  Meyer  • 
and  IlathaAvay  that  orange  juice  is  more  effective  for  small 
children  than  its  ascorbic  acid  equivalent  plus  potassium 
citrate  may  have  some  bearing  on  this  question. 


CHAPTER  VIII 

SUMMARY  OF  THE  NUTRITIONAL  REQUIRE- 

]\IENTS  OF  INFANTS 


For  ready  reference,  the  nutritional  requirements  of  tlie 
infant  as  detailed  in  the  preceding  six  chapters  are  here 
briefly  summarized. 

Calories 


During  the  first  year  of  life  the  normal  infant  should 
receive  daily  an  average  of  50  to  55  calories  for  each  pound 
of  body  weight  (110  to  120  calories  for  each  kilogram). 
The  caloric  requirement  is  somewhat  greater  than  the 
above  during  the  first  three  months  of  life,  and  somewhat 
less  after  the  sixth  month.  The  caloric  requirement  of  the 
undernourished  or  overnourished  infant  should  be  calcu¬ 
lated  on  the  basis  of  the  expected  or  normal  weight  for  the 
age.  In  the  case  of  the  normal  breast-fed  infant,  the 
caloric  requirement  is  met  if  the  infant  receives  daily  ap¬ 
proximately  2.5  to  3  ounces  of  milk  for  each  pound  of  body 
weight  (165  to  200  ml.  for  each  kilo  gram).  In  the  case  of 
the  young  artificially  fed  infant,  approximately  two-thirds 
of  the  total  caloric  requirement  should  be  met  by  milk  and 
one-third  by  added  carbohydrate.  Toward  the  end  of  the 
first  year  other  foods  of  the  diet  replace  the  sugar  added 
to  the  milk. 

Proteins 


The  protein  requirements  of  the  normal  infant  are  ade¬ 
quately  met  when  he  receives  daily  approximately  2.5 
ounces  of  human  milk  for  each  pound  of  body  weight  (165 
ml.  for  each  kilogram),  or  1.5  to  2  ounces  of  cow’s  milk 
for  eacli  pound  of  body  weight  (100  ml.  to  130  ml.  for  each 
kilogram),  fldiese  amounts  correspond  to  approximately  2 
grams  of  protein  tor  each  kilogram  in  the  case  of  the 
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bi  east-fed  infant,  and  3.5  grams  for  eaeli  kilogram  in  the 
case  of  the  artificially  fed  infant.  A  moderate  excess  of 
protein  does  no  harm.  Undernonrished  infants  should  re¬ 
ceive  an  amount  of  protein  projiortionate  to  the  expected 
or  normal  rather  than  the  actual  body  weifflit 

Carbohydrates 

An  infant  should  receive  daily  not  less  than  1  per  cent  of 
his  body  weight  in  carbohydrate  (0.15  ounce  for  each 
pound  or  10  grams  for  each  kilogram).  The  breast-fed 
infant  receives  this  amount  in  the  milk.  In  the  case  of  the 
artificially  fed  infant,  approximately  one-third  of  the  car¬ 
bohydrate  should  be  derived  from  the  milk  and  the  re¬ 
mainder  should  be  added  in  the  form  of  sugar  or  starch. 
For  most  infants  the  proportion  of  carbohydrate  added  to 
cow’s  milk  in  the  diet  should  be  approximately  one  part  of 
carbohydrate  for  each  10  to  15  parts  of  milk.  Carbohy¬ 
drates  of  the  dextrin  and  maltose  types  are  extensively  em¬ 
ployed  during  early  infancy.  However,  sucrose  or  lactose 
may  be  used.  After  the  fifth  or  sixth  month,  a  portion  of 
the  carbohydrate  should  be  given  in  the  form  of  starch. 

Fats 

No  definite  amount  of  fat  is  necessary  in  the  diet  of  the 
infant.  Fats,  however,  are  valuable  sources  of  energy  and 
unless  they  are  included  in  the  diet,  large  amounts  of  pro¬ 
tein  and  carbohydrate  are  needed.  When  breast-fed  or 
artificially  fed  infants  are  given  the  amounts  of  milk  nec¬ 
essary  to  su])ply  protein,  a  suitable  amount  of  fat  is  also 
given.  j\tilk  from  Jersey  or  (luernsey  cows,  containing  a 
high  percentage  of  fat,  should  not  ordinarily  be  used  foi 
the  feeding  of  infants,  nor  should  top  milk  oi  cieain  be 
used  for  the  preparation  of  the  usual  formulas,  bkimmed 
or  partially  skimmed  milk  is  often  indicated  in  the  presence 
of  gastrointestinal  disorders  And  for  prematurely  boin  and 
other  weak  infants  whose  utilization  ot  fat  is 
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Mineral  Salts 

Tlie  breast-fed  infant,  receiving  daily  165  ml.  of  milk  for 
each  kilogram  of  body  weight  (2.5  ounces  to  the  pound), 
or  the  artificially  fed  infant  receiving  100  to  130  ml.  of 
cow’s  milk  for  each  kilogram  of  body  weight  (1.5  to  2 
ounces  for  each  pound),  receives  sufficient  mineral  constit¬ 
uents  with  the  excei^tion  of  iron  and  possibly  iodine.  Iron- 
containing  foods  or  a  small  amount  of  iron  should  be  added 
to  the  diet  of  all  infants  after  the  third  month  of  age, 
earlier  in  the  case  of  those  who  are  anemic.  Iodine  addi¬ 
tions  are  indicated  only  in  regions  where  goiter  is  prev¬ 
alent. 

Water 


The  infant’s  requirement  for  water  is  variable  and  de¬ 
pends  on  activity,  environmental  temperature,  and  the 
l^resence  of  diarrhea  or  vomiting.  The  daily  requirement 
for  the  normal  infant  varies  from  10  to  15  per  cent  of  the 
actual  body  weight  (1.5  to  2.5  ounces  for  each  pound). 
Breast-fed  infants  usually  receive  sufficient  water  in  the 
milk.  Artificially  fed  infants,  given  undiluted  whole  milk 
formulas,  should  be  offered  additional  water  between  feed¬ 
ings,  especially  in  warm  weather. 


Vitamins 

Vitamin  D  should  be  added  to  the  diet  of  all  infants, 
beginning  as  soon  as  feeding  is  established.  The  oily 
sources  of  vitamin  D  best  utilized  by  infants  are  those  con¬ 
taining  less  than  200  units  to  the  gram.  Thus  the  uncon¬ 
centrated  fish-hver  oils  are  preferable  to  more  concentrated 
oily  sources.  Sources  of  vitamin  D  soluble  in  water,  or 
emulsif>ung  easily  with  water,  may  be  given  in  the  feed¬ 
ing.  Oily  sources  should  always  be  fed  separately  in  an 
amount  providing  300  to  400  units  daily.  If  oily  concen¬ 
trates  are  fed,  the  unitage  should  be  increased  by  50  per 

Tart  J  400  unit;  to  Ihe 

rui  <^.^5  *0  tlie  liter)  provide  sufficient  vitamin  D  for  the 

-  a  r‘  7  kilo¬ 

gram  (1.5  ounces  for  each  pound)  of  body  weight  or  a  total 
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of  720  ml.  (24  ounces)  daily.  The  use  of  single  massive 
doses  of  vitamin  D  is  not  advised. 


The  amount  of  vitamin  A  in  customary  cow’s  milk  for¬ 
mulas,  together  with  the  aniount  ingested  by  an  infant  re¬ 
ceiving  the  usual  supplements,  is  probably  ample  for  the 
well  infant.  The  amount  of  vitamin  A  in  human  milk  seems 
to  be  approximately  the  same  as  that  in  cow’s  milk.  In¬ 
fants  whose  vitamin  D  is  supplied  by  fish-liver  oils  get  an 
additional  aniount,  making  the  daily  intake  adequate  under 
all  circumstances  except  as  illness  affects  utilization  ad¬ 
versely. 


An  addition  of  vitamin  K  to  the  diet  seems  desirable  dur¬ 
ing  the  newborn  period.  The  need  for  additional  amounts 
after  this  period  is  not  established.  The  need  for  vitamin 
E  has  not  been  established  for  infants. 

Vitamin  C,  like  vitamin  D,  is  needed  from  earliest  in¬ 
fancy.  Human  milk  contains  an  adequate  amount  if  the 
diet  of  the  mother  contains  an  ample  supply  of  the  vitamin. 
For  the  artificially  fed  baby  and  for  the  breast-fed  baby 
whose  mother’s  diet  is  poor,  orange  juice  should  be  given 
at  or  before  two  weeks  of  age,  increasing  the  aniount  until 
30  ml.  (one  ounce)  is  taken  daily.  After  three  months  of 
age  the  daily  intake  should  be  increased  to  60  ml.  (two 
ounces).  If  crystalline  ascorbic  acid  is  given,  a  desirable 
intake  is  20  mg.  for  the  younger  infant  and  50  mg.  daily 
for  the  infant  over  six  months.  Natural  sources  are  pref¬ 
erable  to  synthetic  because  of  possible  need  of  the  sub¬ 
stance  designated  as  vitamin  P. 

Of  the  B  group  of  vitamins,  it  seems  certain  that  no  addi¬ 
tional  riboflavin  is  needed  by  the  infant  fed  appropriate 
amounts  of  cow’s  milk.  It  appears  probable  also  that  at 
least  the  minimum  requirement  of  the  other  members  of 
the  group  is  met  by  modern  standards  of  infant  feeding. 
The  intake  of  the  breast-fed  infant  depends  so  largely  on 
the  aniount  of  these  vitamins  received  by  the  mother  that 
the  danger  of  insufficiency  of  these  vitamins  may  be  very 
real  in  the  low-income  groups  in  which  subacute  or  acute 
vitamin  deficiency  is  prevalent  among  adults. 


CHAPTER  IX 
digestion  in  infancy 

Tlie  food  of  the  infant  is  of  necessity  simple,  consisting 
cliiefly  of  milk  and  carbohydrate.  The  infanCs  digestive 
organs  are  well  adapted  to  care  for  human  milk  and  for 
somewhat  lesser  amounts  of  cow’s  milk.  In  proportion  to 
his  weight,  however,  the  infant  can  digest  a  very  large 
amonnt  of  milk  and  sugar.  If  an  adult  were  to  take  as  much 
cow’s  milk  in  ])roportion  to  his  weight  as  a  normal  infant, 
he  would  be  taking  8  to  10  liters  a  day,  and  would  in  addi¬ 
tion  be  eating  from  450  to  700  grams  of  sugar.  However, 
the  infant’s  capacity  for  the  digestion  of  other  foods  is 
distinctly  limited  and  is  developed  only  as  the  infant  grows 
older. 

On  account  of  the  pro2)ortionately  greater  food  require¬ 
ments  of  the  infant,  the  digestive  functions  are  taxed  closer 
to  the  limits  of  capacity  than  in  the  case  of  the  adult,  and 
there  is  a  smaller  margin  of  safety.  Furthermore,'  the 
digestive  functions  of  the  infant  are  especially  likely  to 
become  impaired  as  the  result  of  such  conditions  as  mal¬ 
nutrition,  infection,  fever,  high  external  temj)eratures,  or 
pain.  Not  infrequently  the  infant’s  digestive  capacity  is 
lowered  to  such  an  extent  that  the  optimum  amounts  of 
food  required  for  nutrition  are  in  excess  of  his  digestive 
capacity. 

Salivary  Digestion 

Salivary  digestion  is  relatively  unimportant  during  early 
infancy,  inasmuch  as  very  little  saliva  is  secreted  during 
the  first  few  months,  and  furthermore,  saliva  has  no  effect 
upon  the  constituents  of  milk.  Later,  when  starch  is  fed, 
slight  digestion  may  be  accomplished  by  the  enzyme  ptyalin, 
and  such  digestion  continues  for  a  short  period  after  the 
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food  reaches  the  stomach.  Salivary  digestion  assumes  rela- 
tively  little  importance  until  the  time  the  infant  begins  to 
chew  starchy  foods,  sncli  as  toast,  crackers,  or  cereals. 

Gastric  Digestion 

The  gastric  glands  are  functionally  active  at  the  time  of 
biith  and  capalile  of  secreting  hydrochloric  acid,  pepsin 
and  rennin.  The  concentration  of  acid  secreted  by  the 
infant  is  much  less  than  that  of  the  adult.  There  is  a  grad¬ 
ual  increase  in  the  strength  of  acid  secreted  throughout 
infancy  and  childhood.  Considerable  individual  variation 
exists,  some  very  young  infants  having  a  fairly  concen¬ 
trated  gastric  juice. 

The  total  volume  of  the  gastric  secretion,  as  well  as  its 
acid  content,  is  influenced  by  a  variety  of  factors.  The 
amount  and  concentration  are  greatly  decreased  in  the 
presence  of  infections  accompanied  by  fever.  They  are  de¬ 
creased  in  excessively  hot  weather  and  also  as  the  result  of 
pain  or  fright.  The  gastric  secretion  of  undernourished  in¬ 
fants  is,  in  most  instances,  less  than  that  of  normal  infants 
of  the  same  age.  As  the  result  of  pharyngeal,  esophageal 
or  gastric  irritation,  much  alkaline  mucus  is  secreted  and 
this,  when  mixed  with  the  gastric  contents,  partially  neu¬ 
tralizes  the  acid  and  renders  the  gastric  juice  relatively 
inefficient.  Gastric  secretion  is  increased  by  the  feeding  of 
certain  types  of  food,  notalily  those  with  a  high  protein  con¬ 
tent.  Some  of  the  amino  acids,  especially  beta-alanine, 
have  a  marked  stimulating  effect  on  gastric  secretion. 
Commercial  beef  extract  contains  a  considerable  amount  ol 
beta-alanine  and  other  substances  capable  of  stimulating 
gastric  secretion.  Acidified  foods  have  a  similar  effect. 
Psychic  factors  also  ])lay  an  inpiortant  role  in  influencing 
gastric  secretion. 

Of  the  constituents  of  the  gastric  juice,  hydrochloric  acid, 
pepsin  and  rennin,  the  acid  a])pears  to  perform  the  most 
important  functions  during  infancy.  In  the  case  of  the 
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normal  breast-fed  infant,  the  amount  of  hydrochloric  acid 
secreted  is  sufficient  to  render  the  stomach  contents  dis¬ 
tinctly  acid  at  the  height  of  digestion.  The  average  degree 
of  acidity  attained  corresponds  to  a  hydrogen-ion  concen¬ 
tration  of  pH  3.6.  This  degree  of  acidity  is  sufficient  to 
inhibit  markedly  the  growth  of  the  majority  of  the  bacteria 
likely  to  be  introduced  into  the  stomach.  The  acidity  of 
the  gastric  contents  is  also  one  of  the  factors  in  regulating 
the  pyloric  reflex.  On  the  passage  of  the  stomach  contents 
into  the  duodenum,  the  acid  present  under  normal  condi¬ 
tions  is  sufficient  when  coming  in  contact  with  the  duodenal 
mucosa,  to  bring  about  tlie  ijroduction  of  secretin,  a  hor¬ 
mone  which  is  carried  to  tlie  liver  and  pancreas  by  way  of  • 
the  blood  and  stimulates  the  flow  of  bile  and  pancreatic 
juice. 

The  amount  of  acid  normally  i:>resent  in  the  stomach  of 
the  breast-fed  infant  is  sufficient  to  activate  the  pepsin 
present  so  that  some  peptic  digestion  is  possible ;  the  diges¬ 
tion  of  the  proteins  of  milk,  however,  is  very  incomplete  in 
the  stomach,  even  in  the  case  of  breast-fed  infants.  Small 
amounts  of  both  casein  and  lactalbumin  are  converted  into 
albumoses  and  peptones,  but  the  greater  part  of  the  diges¬ 
tion  of  protein  is  completed  in  the  small  intestine. 

Coagulation  of  casein  by  rennin  is  usually  complete  in 
the  stomach.  The  casein  curd  from  human  milk  is  very 
small  and  fine,  whereas  the  curd  from  raw  or  pasteurized 
cow’s  milk  is  very  much  larger  and  tougher  and  may  be  a 
single,  large,  jellylike  curd,  almost  completely  filling  the 
stomach.  Large  curds  entangle  in  their  meshes  such  bac¬ 
teria  as  may  be  present  and  remove  them  from  the  anti¬ 
septic  action  of  the  gastric  juice.  These  large,  tough 
curds  may  be  somewhat  liroken  up  by  the  gastric  contrac¬ 
tions,  but  even  then  they  cannot  pass  through  the  pylorus 
as  readily  as  the  finer  curds  of  human  milk.  Boiling  of 
cow’s  milk  so  changes  the  character  of  the  casein  that  it  is 
piecipitated  in  smaller  curds  in  the  stomach.  Ileatino- 
cow’s  milk  to  a  still  higher  temperature  or  for  a  longer 
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l)eri(xl  still  further  altei-s  the  character  of  the  casein  so 
that  the  curds  are  relatively  hue  and  soft.  Thus  both 
evaporated  and  dried  milks  tend  to  |)roduce  small  curds  in 
tlie  stomach.  AVhen  cow’s  milk  is  appropriately  acidified 
previous  to  feeding,  the  casein  curds  are  precipitated  in 
finely  divided  form  and  very  little  if  any  further  change  is 
effected  through  the  action  of  the  rennin  of  the  stomach. 
Addition  of  alkalies  or  of  sodium  citrate  to  milk  before 
feeding,  or  dilution  of  the  milk  with  water  or  especially 
with  starch  gruels,  results  in  the  formation  of  smaller 
curds  in  the  stomach.  The  size  of  the  curds  produced  in 
the  stomach  is  an  important  factor  in  the  digestibility  of 
milk  mixtures. 

Mention  has  been  made  of  the  fact  that  the  stomach  con¬ 
tents  of  the  normal  infant  receiving  human  milk  are  dis¬ 
tinctly  acid.‘  When  equivalent  amounts  of  undiluted  sweet 
cow’s  milk  are  fed,  the  stomach  contents  do  not  reach  the 
same  degree  of  acidity,  the  average  concentration  of  acid  at 
the  height  of  digestion  not  exceeding  a  pH  of  5.3.  This  de¬ 
gree  of  acidity  is  not  sufficient  for  peptic  digestion  nor  is 
it  sufficieiit  to  exert  very  much  inhibitory  action  on  the 
growth  of  bacteria.  The  acidity  of  the  stomach  contents 
passing  into  the  duodenum  is  also  below  the  optimum  for 
secretin  formation.  If  the  feeding  of  undiluted  sweet  cow’s 
milk  is  continued,  there  occurs  a  gradual  increase  in  the 
concentration  of  acid  secreted.  Some  normal  infants 
secrete  such  a  concentrated  gastric  juice  that  even  when 
they  are  fed  undiluted  sweet  cow’s  milk  the  gastric  acidity 
may  approximate  that  of  normal  breast-fed  infants. 

The  difference  in  acidity  between  cow’s  milk  and  hu¬ 
man  milk  during  gastric  digestion  is  explained  by  the 
higher  buffer  content  of  cow’s  milk.  Huffers  are  substances 
capable  of  resisting  a  change  in  reaction  of  the  medium 
when  either  acids  or  alkalies  are  added.  Cow’s  milk  con¬ 
tains  approximately  three  times  as  much  buffer  substance 
as  human  milk,  so  that  three  times  as  much  acid  must  be 
added  to  a  given  amount  of  cow’s  milk  to  bring  it  to  the 
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optimum  acidity  for  gastric  digestion.  This  difference  in 
the  two  milks  is  shown  in  the  titration  curves.  (See  Fig.  b.) 
These  curves  show  tlie  gradual  increase  in  acidity  as  vaiy- 
iiig  amounts  of  diluted  hydrochloric  acid  are  added.  When 
one  part  of  cow’s  milk  is  diluted  with  two  paits  of  watei, 
the  buffer  value  of  the  dilute  milk  is,  of  couise,  only  one- 
third  that  of  the  concentrated  milk,  and  such  dilute  milk 
shoAvs  a  titration  curve  approximating  that  of  human  milk. 


c.G.-y-o  hci 

Fig.  6— Titration  curves  of  human  milk,  sweet  cow’s  milk,  lactic  acid  milk, 
cow’s  milk  diluted  to  one-third,  and  whey.  These  curves  show  the  hydrogen-ion 
concentration  resulting  when  varying  amounts  of  hydrochloric  acid  are*’  added 
to  milk.  The  hydrogen-ion  concentration  is  measured  in  pH  units,  as  shown 
by  the  figures  at  the  left.  A  pH  of  7.0  indicates  a  neutral  solution;  the  lower 
the  pH  value,  the  greater  the  degree  of  acidity.  The  pH  of  a  solution  repre¬ 
sents  the  negative  exponent  of  the  hydrogen-ion  concentration. 


A\  hen  cow  s  milk  diluted  to  one-third  is  fed,  the  gastric  con¬ 
tents  at  the  height  of  digestion  average  the  same  as  in  the 
case  of  human  milk.  Dilution,  therefore,  is  one  of  the 
means  of  rendering  cow’s  milk  more  readily  digestible.  An¬ 
other  method  is  addification  to  neutralize  the  buffer  sub¬ 
stance.  Acidification  is  discussed  in  Chapter  XVI 
No  appreciable  digestion  of  fat  occurs  in  the  stomach,  al¬ 
though  a  small  amount  of  lipase  is  occasionally  present. 
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Carbohydrates  are  not  acted  upon  by  the  gastric  juice  ex¬ 
cept  for  possible  slight  conversion  of  disaccharides  to 
monosaccharides  at  the  temperature  and  acid  reaction  of 
the  stomach.  The  ptyalin  of  swallowed  saliva  may  con¬ 
tinue  to  act  in  the  stomach  for  a  short  time  on  any  starch 
present  in  the  food. 

Very  little  absorption  takes  place  from  the  stomach  and 
that  mostly  from  the  pyloric  end.  Small  amounts  of  dex¬ 
trose,  amino  acids,  or  salts  may  be  absorbed,  but  very  little 
if  any  of  other  substances.  Water  is  probably  not  absorbed 
except  in  cases  of  extreme  dehydration. 

The  stomach  contents  begin  to  empty  through  the  pylorus 
during  the  time  that  feedings  are  being  taken.  The  pylorus 
opens  and  closes  intermittently,  allowing  but  small  quanti¬ 
ties  to  pass  through  at  one  time.  The  stomach  thus  acts 
as  a  protective  mechanism,  tending  to  prevent  the  flooding 
of  the  intestinal  tract  Avith  food  in  excess  of  the  digestive 
capacity.  The  length  of  time  required  for  the  complete 
emptying  of  the  stomach  is  Amriable,  and  dependent  on 
the  size  of  the  meal,  the  character  of  the  feeding  and  the 
tonicity  of  the  pyloric  and  gastric  musculature.  In  gen¬ 
eral,  the  stomach  empties  more  quickly  in  the  case  of 
breast-fed  infants,  being  empty  usually  by  the  end  of  two 
hours.  In  artificially  fed  infants,  the  emptying  time  may 
be  prolonged  to  three  hours  or  more. 

Dilute  milk  mixtures  are  emptied  more  rapidly  than  con¬ 
centrated  ones,  and  small  feedings  more  rapidly  than  large. 
Cow’s  milk  which  has  been  treated  so  that  the  curds  are 
very  small  leaves  the  stomach  more  quickly  than  milk  which 
forms  large  curds.  Acidified  milk  leaves  the  stomach  more 
rapidly  than  unacidified.  The  more  liquid  portions  of  the 
stomach  contents  are  the  first  to  pass  through  the  pylorus. 
Sugars  leave  the  stomach  before  proteins  and  fats.  An 
excess  of  fat  in  the  food  delays  the  emp^fing  of  the 
stomach.  In  the  presence  of  fever,  gastric  motility  is  slug¬ 
gish;  it  is  also  sluggish  in  undernourished  infants.  Vdien 
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any  degree  of  pylorospasin  or  pyloric  stenosis  exists,  the 
emptying  time  of  the  stomach  is  prolonged.  If  the  infant 
is  hungry  at  the  time  of  the  feeding,  gastric  motility  is 
more  active  than  if  the  infant  is  fed  at  such  shoit  intervals 
that  the  pangs  of  hunger  are  not  present.  The  stomach 
empties  more  rapidly  if  the  infant  lies  on  the  right  side 
or  is  held  in  a  semierect  position. 


Intestinal  Digestion 

When  the  chyme  passes  through  the  pylorus  into  the 
duodenum,  it  remains  for  a  short  time  before  passing  along 
toward  the  jejunum.  While  in  the  duodenum,  the  food  be¬ 
comes  mixed  with  pancreatic  juice,  bile,  and  some  succus 
entericus. 

The  pancreatic  juice  is  strongly  alkaline  in  reaction  and 
contains  the  enzymes  trypsin,  rennin,  amylase  (pancreatic 
diastase)  maltase  and  lipase  (steapsin)  capable  of  acting 
on  proteins,  carbohydrates,  and  fats,  respectively. 

The  bile  is  neutral  or  slightly  alkaline  and  contains,  be¬ 
sides  pigments,  cholesterol  and  lecithin,  and  the  salts  of  the 
bile  acids  (glycocholic  and  taurocholic)  which  latter  are  ef¬ 
fective  in  promoting  the  emulsification  of  fats.  The  bile 
also  contains  a  substance  which  accelerates  the  action  of 
pancreatic  lipase.  Bile  is  capable  of  dissolving  fatty  acids 
and  to  a  certain  extent  the  soaps  of  calcium  and  magnesium 
which  are  ordinarily  insoluble  in  water. 

The  intestinal  juice  or  succus  entericus  is  alkaline  in 
reaction  and  is  secreted  by  the  glands  throughout  the  small 
intestine.  It  contains  the  enzyme  enterokinase,  capable  of 
increasing  the  action  of  trypsin  peptidases  (erepsin),  which 
complete  the  hydrolysis  of  ])rotein  fragments  and  an  en¬ 
zyme  or  grou])  of  enzymes  capable  of  converting  the  di- 

saccliandes  lactose,  sucrose,  and  maltose  into  monosac- 
cliarides. 

The  combined  secretions  of  the  duodenum  although 
alkaline  in  reaction  do  not  normally  neutralize  completelv 
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the  acid  chyme  coming-  from  the  stomach,  so  that  the  duo¬ 
denal  contents  as  Avell  as  the  contents  of  tlie  upper  part  of 
jejunum  are  weakl}^  acid  in  reaction.  AVhen  gastric 
secretion  is  decreased,  or  when  foods  of  a  liigh  buffer  con¬ 
tent  ai e  fed  (such  as  undiluted  sweet  milk),  the  duodenal 
contents  may  he  alkaline.  hen  the  duodenal  contents  are 
alkaline,  bacteria  are  likely  to  he  present  in  large  numbers. 

Protein  digestion,  Avhich  may  occur  to  a  sliglit  extent  in 
the  stomach,  is  continued  in  the  duodenum  through  the 
action  of  the  enzyme  trypsin  of  the  pancreatic  juice,  which 
breaks  the  protein  molecule  into  smaller  remnants,  the  pep¬ 
tones,  polypejAtides  and  amino  acids.  Protein  digestion 
is  further  continued  by  the  action  of  the  pej^tidases,  which 
convert  to  amino  acids  those  remnants  of  the  protein  mole¬ 
cule  which  have  escaped  tryptic  digestion.  It  is  almost 
entirely  as  amino  acids  that  the  end  products  of  i^rotein 
digestion  are  absorbed.  Very  small  amounts  of  undigested 
protein,  especially  egg  protein,  may  be  absorbed  as  such 
during  the  first  few  months  of  life.  Some  globulin  from 
the  colostrum  is  also  absorbed  during  the  first  week.  In 
the  presence  of  severe  diarrhea,  the  intestinal  tract  be¬ 
comes  somewhat  more  permeable  to  proteins  and  inter¬ 
mediate  products  of  protein  digestion. 

Protein  digestion  and  absorption  during  infancy  are  re¬ 
markably  complete,  even  in  the  presence  of  diarrhea  and 
in  the  case  of  sick  or  poorly  nourished  infants,  only  an  in¬ 
significant  amount  of  protein  or  of  protein  derivatives  ap¬ 
pearing  in  'the  stools.  Such  protein  as  is  present  in  the 
stools  represents  chiefly  secretion  from  the  intestinal 
mucosa  together  Avith  bacterial  proteins. 

The  simple  carbohydrates,  dextrose,  levulose,  and  galac¬ 
tose,  recjuire  no  digestion  and  are  rapidly  absorbed  by  the 
small  intestine.  The  disaccharides,  maltose,  sucrose,  and 
lactose,  are  converted  into  the  monosaccharides  through 
the  action  of  enzymes  secreted  by  the  small  intestine  and 
are  absorbed  in  the  form  of  monosaccharides,  lldien  a 
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large  ainoimt  of  carbohydrate  is  fed,  or  wlien  absorption  is 
impaired,  some  sugar  may  reacli  the  large  intestine  and 
liere  be  attacked  by  the  bacteria  present.  Sugar  itself 
rarely  appears  in  the  stools;  it  decomposes  to  form  acids 

and  gases. 

Starch  digestion  is  effected  ])y  the  enzyme  amylase  of 
the  j^aiicreatic  ^piice.  Amylase  has  the  same  action  as  the 
ptyalin  of  the  saliva  or  the  diastase  of  germinated  grain. 
It  converts  starch  first  to  dextrin  and  then  to  maltose. 
Amylase  is  present  in  the  pancreatic  juice  of  the  young 
infant  in  only  small  quantities.  AVhen  starch  is  fed,  how¬ 
ever,  the  secretion  of  amylase  appears  to  be  stimulated 
so  that  even  a  young  infant  accustomed  to  the  feeding  of 


starch  may  digest  a  considerable  amount.  Helatively  little 
carbohydrate  is  normally  destroyed  through  bacterial  ac¬ 
tion  in  the  intestinal  tract.  If,  however,  the  digestive  and 
absorptive  capacity  of  the  gastrointestinal  tract  is  im¬ 
paired,  bacterial  destruction  of  a  large  portion  of  the  carbo¬ 
hydrate  may  occur.  The  products  of  l)acterial  action  on 
carbohydrate  are  chiefly  organic  acids,  some  of  which  have 
a  distinctly  irritant  effect  on  the  intestinal  mucosa.  Ex¬ 
cessive  fermentation  of  carbohydrate  results  in  impaired 
absorption  not  only  of  carbohydrates  but  also  of  other  food 


components. 

The  digestion  of  lats  begins  in  the  duodenum,  the  first 
step  being  emulsification  or  the  breaking  up  into  very  fine 
globules.  This  process  is  aided  by  the  presence  of  bile  salts 
and  by  the  churning  action  in  the  duodenum.  Milk  fat  is 
already  in  a  fine  emulsion,  but  other  fats  require  emulsifica¬ 
tion  before  much  digestion  is  possible.  The  next  step  in  the 
digestion  of  fats  is  saponification,  which  is  accomplished  by 
the  lipases  of  the  pancreatic  and  intestinal  juices.  The 
activity  of  these  enzymes  is  enhanced  by  the'  presence  of 
bile.  Through  the  action  of  the  lipases,  the  emulsified  fat 
IS  converted  into  fatty  acids  and  glycerol  and  absorbed  as 
such.  hen  the  duodenal  contents  are  alkaline  or  when 
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the  partially  digested  fat  reaches  the  lower  portions  of  the 
small  intestine  where  the  reaction  of  the  contents  is  alka¬ 
line,  soa23S  are  formed  by  the  combination  of  fatty  acids 
with  the  bases  present.  Some  calcium  soaps  also  are 
formed,  especially  when  the  food  contains  a  good  deal  of 
casein  (calcium  caseinate).  These  calcium  soaps  are  par¬ 
tially  dissolved  by  the  bile  and  absorbed,  the  remainder 
pass  through  the  intestinal  tract  and  appear  in  the  stools 
as  curds  or  as  solid,  puttylike  masses. 

The  fat  of  the  food,  whether  from  human  or  cow’s  milk, 
is  almost  completely  saponified  under  normal  conditions. 
Absorption,  however,  is  more  nearly  complete  in  the  case 
of  human  milk  fat.  In  the  presence  of  diarrhea,  the  in¬ 
testinal  contents  may  be  hurried  through  so  rapidly  that 
some  fats  escape  saponification,  appearing  in  the  stools  as 
neutral  fat.  When  the  flow  of  bile  into  the  intestinal  tract 
is  obstructed,  saponification  and  absorption  of  fats  are  not 
complete  and  large  amounts  of  soaps  and  some  neutral  fat 
pass  through  the  intestinal  tract  unutilized.  In  the  condi¬ 
tion  of  celiac  disease  (see  Chapter  XXII)  saponification  of 
fats  is  usually  complete,  but  absorption  is  extremely  poor, 
and  a  large  portion  of  the  ingested  fat  may  appear  in  the 
stools  in  the  form  of  soaps. 

In  general,  infants  digest  and  absorb  fats  far  less  effi¬ 
ciently  than  they  utilize  either  proteins  or  carbohydrates. 
Even  a  slight  digestive  disturbance  is  likely  to  result  in 
diminished  absorption  of  fat.  IJnabsorbed  fatty  acids, 
particularly  the  lower  members  of  the  series,  are  capable 
of  causing  gastrointestinal  irritation. 

The  large  intestine  secretes  an  alkaline  juice,  but  ap¬ 
parently  no  digestive  enzymes.  Any  digestion  that  occurs 
in  the  large  intestine  is  merely  a  continuation  of  digestive 
processesin  such  mixtures  of  food  residues  and  enzymes  as 
have  previously  escaped  alisorption. 

In  the  large  intestine  bacterial  activity  is  usually  vigor¬ 
ous  and  results  in  the  decomposition  of  certain  food  rem- 
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nants,  especially  carbohydrates.  Under  normal  conditions 
more  absorption  of  water  probably  occurs  from  the  large 
than  from  the  small  intestine.  The  contents  of  the  small 
intestine  are  normally  liquid;  those  of  the  lowei  poition  of 
the  large  intestine,  semisolid.  Very  little  absorption  of 
food  materials  occurs  from  the  large  bowel,  though  the 
colon  is  capable  of  absorbing  amino  acids,  monosaccharides, 
salts,  and  water. 


Bacteriology  of  the  Gastrointestinal  Tract 


At  birth  the  gastrointestinal  tract  is  sterile,  but  it  does 
not  remain  so  for  long.  The  bacterial  flora  differs  greatly 
in  the  different  portions  of  the  intestinal  tract,  and  the 
number  and  character  of  the  organisms  present  are  influ¬ 
enced  profoundly  by  the  character  of  the  diet,  by  the  nature 
and  amount  of  the  gastrointestinal  secretions,  and  by  the 
occurrence  of  fever.  Almost  any  organism  present  in  the 
air,  in  water,  or  in  milk  may  at  times  be  found  in  the  gastro¬ 
intestinal  tract.  The  most  important  and  most  frequently 
found  organisms  are  Tactobacillus  bifldus,  Aerobacter  aero- 
genes,  Lactobacillus  acidophilus,  Escherichia  coli,  and 
Streptococcus  faecalis.  Occasional  inhabitants  of  the  in¬ 
testinal  tract  are  Clostridium  perfringens  (the  gas  bacil¬ 
lus),  staphylococci,  and  streptococci.  Certain  other  organ¬ 
isms,  such  as  the  members  of  the  dysentery  group,  typhoid, 
paratyphoid,  tuliercle  bacillus  and  Bacillus  lactis  (bacillus 
of  Fliigge),  are  occasional  invaders  of  the  intestinal  tract 
and  give  rise  to  disease. 


Under  normal  conditions,  considerable  inhibition  of  bac¬ 
terial  growth  is  lu-ought  about  through  the  acidity  of  the 
gastric  juice,  so  that  the  food  entering  the  small  intestine 
IS  relatively  free  from  bacteria.  The  gastric  acidity  is 
sufficient  to  inhibit  the  growth  of  Escherichia  coli  the 
hemolytic  streptococci,  enterococci  and  many  other  organ- 

bearers  and  anaerobic  organisms  are 
ittle  affected  by  tlie  gastric  juice.  Tlie  upper  portion  of 
the  small  intestine  usually  contains  relatively  few  organ- 
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isnis,  those  present  being  cliiedy  cocci  end  a  few  members 
of  the  Aerobacter  aerogenes  group.  A\4ien  the  gastric 
secretion  is  decreased,  liowever,  as  the  result  of  fever  or 
high  external  temperatures,  or  is  neutralized  by  the  giving 
of  an  excess  of  alkali  or  ol  large  amounts  of  sweet  cow’s 
milk  with  its  high  buffer  value,  the  upper  portion  of  the 
intestinal  tract  may  contain  large  numbers  of  bacteria. 
Colon  bacilli  are  often  found  in  the  stomach  and  duodenum 
in  the  presence  of  severe  gastrointestinal  disturbances  with 
diarrhea.  'Whether  these  organisms  have  ascended  from 
the  colon  as  the  result  of  gastrointestinal  disturbance,  or 
whether  they  have  been  introduced  in  the  food  and  having 
found  suitable  conditions  for  growth  have,  by  their  activity, 
brought  on  the  diarrhea,  is  an  unsettled  question.  It  is  our 
own  belief  that  this  invasion  of  the  upper  intestinal  tract 
by  colon  bacilli  and  related  organisms  is  an  important 
factor  in  the  causation  of  diari-hea. 


Growth  of  microorganisms  in  the  uj^per  intestinal  tract 
is  favored  by  an  excess  of  food  which  furnishes  a  suitable 
culture  medium.  It  is  also  favored  by  damage  to  the  in¬ 
testinal  mucosa  or  by  decrease  in  the  normal  digestive  se¬ 
cretions.  The  tyi:)e  of  organisms  which  predominate  is  de¬ 
termined,  to  a  large  extent,  by  the  character  of  the  food. 
Some  bacteria  thrive  in  a  medium  rich  in  carbohydrate; 
others  grow  bette.r  in  the  presence  of  protein. 

In  the  lower  ]iortion  of  the  small  intestine  bacteria  are 
more  mimei’ous,  Lactobacillus  bifidus.  Streptococcus  fae- 
calis,  Escherichia  coli,  Lactobacillus  acidophilus,  and  Aero¬ 
bacter  aerogenes  predominating. 

In  the  large  intestine  enormous  numbers  of  bacteria  are 
normally  present.  In  the  case  of  bi’east-fed  infants,  the 
predominating  organism  ])resent  in  the  lower  bowel  is  the 
Lactobacillus  bifidus,  a  gram-positive  acid-producing  or¬ 
ganism.  Escherichia  coli  and  Ijactobacillus  acidophilus  aie 
found  in  smaller  numbers,  and  occasionally  Clostridium 
perfringens  is  present.  Streptococcus  faecalis  may  be  pres- 
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ent  in  larj»e  nuiiibers.  In  the  colon  of  the  artificially  fed  in¬ 
fant  the  flora  is  more  complex,  gram-negative  hacilli  of  the 
Escherichia  coli  and  Aerohacter  aerogenes  groups  pre¬ 
dominating.  The  feeding  of  considerahle  amounts  of  lac¬ 
tose  together  Avith  relatively  small  amounts  of  protein 
tends  to  cause  an  increase  in  the  numher  of  Lactohacillus 
hifidus  present.  In  the  large  intestine  such  carbohydrates 
as  have  escaped  digestion  are  fermented  and  converted  into 
gases  and  organic  acids.  Protein  remnants  are  also  broken 
down  by  bacterial  action  to  form  ammonia,  amines,  indol. 


skatol  and  a  variety  of  other  products. 

The  growth  of  bacteria  in  the  intestinal  tract  may  either 
aid  or  interfere  with  the  processes  of  digestion.  The 
growth  of  such  organisms  as  the  Lactobacillus  acidophilus 
and  other  harmless  lactic-acid  producers  in  the  upper  por¬ 
tion  of  the  intestinal  tract  lirings  about  a  condition  of  acid¬ 
ity  Avhich  inhibits  the  groAvth  of  certain  potentially  harmful 
organisms.  A  moderate  degree  of  acidity  also  promotes 
the  absorption  of  calcium  salts.  Other  organisms  Avhich 
ferment  carbohydrates  or  decompose  fats  with  the  pro¬ 
duction  of  large  amounts  of  acetic,  formic  and  other  or¬ 


ganic  acids  exert  a  harmful  influence,  as  certain  of  these 
acids  are  irritaing  to  the  intestinal  tract. 

Some  strains  of  Escherichia  coli,  Clostridium  per- 
fi ingens,  and  certain  streptococci  grooving  under  favorable 
conditions  produce  large  amounts  of  amines,  such  as  hista¬ 
mine  and  tyramine.  Under  normal  conditions,  histamine 
is  detoxified  on  passage  through  the  intestinal  mucosa  and 
the  liver,  so  that  it  does  not  exeil  a  harmful  effect.  Ap- 
paiently  considerable  amounts  of  histamine  can  be  pro¬ 
duced  in  the  colon  Avithout  causing  damage  to  the  body  as  a 
wliole.  Wlieji,  Iiowever,  liistamine  is  injected  subentane- 
onsly,  or  is  alisorbed  from  tlie  mucosa  of  the  mouth,  very 
toxic  symptoms  are  produced  wliicli  arc  of  a  sliockllke  na- 
ure,  often  accompanied  by  vomiting,  diarrliea,  and  an- 
bydremia.  I  liere  is  erddence  tliat  bistamine  and  similar 
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substances  may  be  absorbed  through  an  injured  intestinal 
mucosa  and  not  be  completely  detoxified.  It  appears  likely 
that  the  growth  of  histamine-producing  organisms  in  the 
uppei  portion  of  the  small  intestine  is  capable  of  producing 
severe  gastrointestinal  disturbances.  It  has  been  shown, 
furthermore,  that  when  the  contents  of  the  upper  portion 
of  the  small  intestine  are  strongly  alkaline,  colon  bacilli 
may  pass  through  the  mucosa  and  enter  the  blood  stream. 

The  Clostridium  perfringens  (the  gas  bacillus)  decom¬ 
poses  sugar  with  the  formation  of  hydrogen  and  butyric 
acid.  This  latter  is  irritating  and  may,  when  present  in 
large  amounts,  lead  to  diarrhea. 


CHAP'1'ER  X 

THE  STOOLS  IN  INFANCY 
Meconium 

Tlie  first  stools  of  the  infant  consist  of  dark,  brownish 
green,  seniisolid  ineconinni.  The  first  passage  is  likely  to 
occur  during  rr  very  shortly  after  birth.  The  meconium 
consists  of  pa^  tially  dried  intestinal  secretions  which  have 
accimmlated  in  the  large  intestine  from  the  fourth  fetal 
month  on.  The  amount  of  meconium  thus  accumulated  is 
usually  sufficient  to  fill  the  distended  sigmoid  and  descend¬ 
ing  colon  and  amounts  to  from  5  to  7  ounces  (150  to  200 
grams).  The  gradual  passage  of  meconium  during  the 
first  three  oi\four  days  of  life  accounts  for  much  of  the 
initial  weight  loss  of  the  newly  born  infant.  The  meconium 
is  usually  passed  from  three  to  five  times  daily.  By  the 
third  or  fourth  day,  with  the  ingestion  of  milk,  there  occurs 
a  gradual  transition  to  the  usual  type  of  infant  stool.  In 
cases  in  which  the  food  intake  is  very  small,  the  meconium¬ 
like  character  of  the  stools  persists  for  a  longer  period. 

Stools  of  the  Breast-Fed  Infant 

The  normal  breast-fed  infant  usually  passes  from  two  to 
four  stools  a  day.  These  stools  are  soft  and  golden  yellow 
or  greenish-yellow  in  color,  acid  in  reaction,  and  have  a 
slightly  sour,  but  not  unpleasant  odor.  The  number  of 
stools  is  subject  to  considerable  variation.  Some  perfectly 
1101  mal  infants  who  are  thriving  may  have  only  one  stool 
a  day,  and  others  as  many  as  seven  or  eight.  The  con¬ 
sistency  also  may  vary  from  semiliquid  to  salvelike.  The 
color  may  vary  from  yellow  to  definite  green.  Any  sudden 

change  in  the  character  or  number  of  the  stools  is  of  sio-. 
nificance. 
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Stools  of  the  Artificially  Fed  Infant 

Infants  fed  cow’s  milk  usually  pass  a  smaller  number 
of  stools  than  those  who  are  breast  fed.  The  stools  are, 
liOAvever,  more  bulky  and  contain  more  solid  material.  The 
color  differs  from  that  of  the  human-milk  stool,  being 
lighter  yellow  or  grayish  brown.  The  reaction  is  usually 
eithei  neutral  or  alkaline,  as  compared  with  the  acid  reac¬ 
tion  of  the  human-milk  stool.  The  odor  is  more  unpleasant, 
especially  when  relatively  large  amounts  of  milk  and  small 
amounts  of  sugar  are  fed.  When  foods  other  than  milk 
and  sugar  are  added  to  the  diet,  the  character  of  the  stools 
changes  until,  with  a  general  mixed  diet,  the  stools  are  of 
the  same  character  as  those  of  the  adult. 

The  Number  of  Stools 

The  number  of  stools  depends  on  the  total  amount  and 
character  of  the  food,  on  the  presence  or  absence  of  infec¬ 
tion  in  the  intestinal  tract  or  elsewhere,  and  on  the  in¬ 
dividual  tonicity  of  the  gastrointestinal  musculature.  A 
large  proportion  of  fermentable  carbohydrate  in  the  food, 
especially  lactose,  leads  to  an  increase  in  the  number  of 
stools.  An  excess  of  protein,  especially  casein,  leads  to  a 
condition  of  alkalinity  in  the  intestinal  tract  and  decreased 
peristalsis,  so  that  the  stools  are  passed  less  frequently. 
An  excess  of  fat,  together  with  an  excess  of  carbohydrate, 
leads  to  frequent  movements,  but  a  relatively  large  amount 
of  cow’s  milk  fat,  together  with  considerable  protein  and 
minimal  amounts  of  fermentable  carbohydrate,  sometimes 
leads  to  constipation  with  the  passage  of  large,  firm,  soap 
stools.  An  insufficient  intake  of  food  may  result  in  con¬ 
stipation  but  is  as  likely  to  lead  to  the  passage  of  numerous 
small,  dark  green  stools— the  so-called  starvation  diarrhea. 

Infestation  of  the  intestinal  tract,  especially  the  upper 
intestine,  with  bacteria  cajiable  of  decomposing  food  with 
the  production  of  irritating  ])roducts  leads  to  the  passage 
of  numerous  liquid  stools.  Dysentery  infections  causing 
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ulceration  in  tlie  lower  intestinal  tract  result  in  tlie  passage 
of  very  numerous  stools  containing  mucus,  pus,  and  otten 
lilood.*  Infections  outside  tlie  intestinal  tract  also  may  lead 
to  diarrhea.  11ie  influence  of  such  infections  is  further  dis¬ 
cussed  in  Chapters  XX  and  XX\  III. 

Some  infants  have  constitutionally  atonic  intestinal  mus¬ 
culatures,  and  in  consecpience  sluggish  peristalsis,  and 
suffer  from  constipation.  Other  infants  are  constitutionally 
of  the  hypertonic  type,  have  active  peristalsis,  and  suffer 
from  a  tendencv  to  diarrhea. 


The  Color  of  the  Stools 

d4ie  color  of  the  stools  depends  chiefly  upon  the  character 
of  the  diet  and  the  rate  of  peristalsis.  Bile  pigment  gives 
the  predominating  color  to  most  stools.  The  bile  as  secreted 
in  the  upper  intestine  is  green,  due  chiefly  to  biliverdin. 
When  peristalsis  is  active,  the  bile,  mixed  with  the  food, 
passes  through  the  intestinal  tract  largely  unaltered,  and 
the  stools  are  consequently  green  in  color.  AVhen  food  re¬ 
mains  in  the  intestinal  tract  for  a  longer  period  of  time, 
reduction  of  tlie  green  biliverdin  to  yellow  or  brown  bili¬ 
rubin  occurs.  When  the  contents  remain  in  the  intestine 
for  a  still  longer  time,  bilirubin  may  lie  reduced  in  part  to 
colorless  hydrobilirubin.  The  stools  are  then  very  light 
colored.  The  presence  of  oxidizing  bacteria  in  the  intestinal 
tract  favors  oxidation  of  yellow  bilirubin  to  green  biliver¬ 
din,  especially  in  the  ])resence  of  acid.  44ie  stools,  under 
these  conditions,  are  green.  These  facts  explain  the  green 
color  of  certain  diarrheal  stools,  the  yellow  color  of  the 
stools  of  the  noi  mal  breast-fed  infant  when  moderate  peri¬ 
stalsis  is  present,  and  the  light  color  of  the  constipated 
stools  of  the  artificially  fed  infant.  A  stool  which  is  yellow 
when  passed  may  change  to  green  on  exposure  to  the  air 
due  to  oxidation  of  bilirubin.  Diminished  or  absent  secre¬ 
tion  of  bile  results  in  lack  of  color  of  the  stools.  A  laro-e 
proportion  of  calcium  soaps  in  the  stools  also  causes  them 
to  be  light  in  color.  When  cereals  and  certain  malt  prepara- 
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tions  are  fed,  the  stools  assume  a  brownish  shade.  Occa¬ 
sionally  a  pinkish  ring  is  seen  at  the  edge  of  stools  which 
have  remained  for  some  time  on  the  diaper;  this  color  is 
usually  due  to  altered  bile  pigment,  or  occasionally  to 
urates ;  it  is  without  significance,  but  may  he  mistaken  for 
blood. 

When  spinach  is  fed,  the  stools  may  be  green,  and  the 
feeding  of  tomatoes  or  beets  may  cause  occasional  red 
specks  in  the  stool.  Bismuth,  iron,  or  argyrol  may  color  the 
stools  dark  brown  or  black.  Blood  which  has  been  swal¬ 
lowed  or  passed  high  in  the  intestinal  tract  also  will  color 
the  stools  dark  reddish  brown  or  black.  Chemical  tests 
may  be  necessary  to  differentiate  blood  coloration  from 
that  caused  by  drugs.  Small  streaks  of  blood  on  the  out¬ 
side  of  a  constipated  stool  are  generally  indicative  of  anal 
fissures.  Bright  blood  mixed  with  the  stool  is  usually  indic¬ 
ative  of  ulceration  in  the  colon  or  lower  ileum  and  is  seen 
characteristically  in  the  presence  of  bacillary  dysentery. 
Large  amounts  of  liright  blood  aiipear  soon  after  intus¬ 
susception. 

Curds 

The  solid  material  of  the  stool  consists  largely  of  calcium 
soaps,  calcium  phosphate,  mucus,  and  dead  bodies  of  bac¬ 
teria.  When  raw  milk  is  fed,  casein  curds  also  may  be 
present.  When  peristalsis  is  sluggish,  a  good  deal  of  the 
water  from  the  intestinal  contents  is  absorbed,  and  the 
solid  material  of  the  stool  is  compressed  into  firm  masses 
consisting  largely  of  calcium  soaps.  When  peristalsis  is 
active,  less  water  is  absorbed,  and  the  churned-up  calcium 
soaps  appear  in  the  stools  as  soft,  white,  or  bile-stained 
curds.  The  presence  of  such  curds  indicates  merely  that 
fat  has  been  present  in  the  diet  and  that  peristalsis  has 
been  active.  Soap  curds  are  often  found  in  the  stools  of 
normal  breast-fed  infants  and  are  of  little  significance. 

In  the  stools  of  infants  fed  raw  or  pasteurized  cow’s 
milk,  hard,  yellow,  beanlike  masses  of  undigested  casein 
may  occur.  These  casein  curds  are  not  seen  in  the  case  of 
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infants  fed  human  milk  or  boiled,  evaporated,  dried,  or 
acidified  cow’s  milk. 

Small  stringy  curds  or  partially  dried  balls  of  mucus  are 
occasionally  seen,  especially  in  the  stools  of  breast-fed  in¬ 
fants. 

Mucus 

A  small  amount  of  mucus  is  present  normally  in  the 
stools.  The  amount  is  increased  whenever  there  is  intes¬ 
tinal  irritation.  Kspecially  large  amounts  of  mucus  occur 
in  the  presence  of  hacillary  dysentery.  The  nrucus  is  se¬ 
creted  chiefly  hy  the  mucosa  of  the  lower  bowel. 


Starch 

When  young  infants  are  fed  large  amounts  of  starches 
or  cereals,  a  portion  of  the  starch  escapes  digestion  and 
appears  in  the  stools,  giving  them  a  slimy  consistency. 
When  such  stools  are  brought  into  contact  with  iodine  solu¬ 
tions,  the  starch  particles  are  stained  a  deep  blue.  The 
passage  of  undigested  starch  through  the  intestinal  tract 
rarely  causes  harm,  but  occasionally  excessive  fermenta¬ 
tion  of  starch  occurs  in  the  intestine,  and  it  then  becomes 
necessary  to  reduce  this  constituent  of  the  diet. 

Cellular  Elements 

A  few  leucocytes  and  epithelial  cells  may  be  found  micro¬ 
scopically  in  most  stools.  Any  great  excess  of  pus  cells 
sufficient  to  cause  the  appearance  of  macroscopic  pus  is 
abnormal  and  is  indicative  of  intestinal  lesions.  The  ap¬ 
pearance  of  pus  in  the  stools  is,  in  most  cases,  indicative 
of  intestinal  ulceration  or  dysentery.  Red  blood  cells  do 
not  appear  normally  in  the  stools. 

Small  pieces  of  memhrane  or  large  numbers  of  desqua¬ 
mated  epithelial  cells  are  most  frecjuently  seen  in  the  ear¬ 
lier  stages  of  bacillary  dysentery.  Membrane-like  casts 
of  the  bowel,  several  inches  long,  may  be  seen  in  cases  of 
membranous  colitis,  a  rather  uncommon  hereditary  dis 
turbance  of  the  intestinal  glands. 
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Bacteriology  of  the  Stools 

l>acteiiological  examination  of  the  stools  gives  definite 
information  concerning  the  bacteriology  of  the  lower  bowel 
only  and  does  not  necessarily  serve  as  an  indication  of  con¬ 
ditions  in  the  np2)er  intestine.  Bacteriological  examination 
of  the  stools  is  of  especial  value  in  arriving  at  a  diagnosis 
of  bacillary  dysentery.  For  technique,  see  Chapter  XXXII. 
Some  pediatrists  consider  the  finding  of  the  gas  bacillus 
(Clostridium  perfringens),  in  the  stools  to  be  of  patho¬ 
logical  significance.  This  organism  is  frequently  found, 
even  in  normal  stools,  but  when  very  large  numbers  are 
present,  the  products  of  fermentation,  especially  butyric 
acid,  may  possibly  cause  irritation  of  the  mucosa  and  con¬ 
sequently  diarrhea. 

In  the  alkaline  soap  stools  of  artificially  fed  infants,  the 
Alcaligenes  ammoniagenes  (B.  ammoniagenes— Cooke)  is 
not  infrequently  present.  This  organism  is  capable  of 
decomposing  urea  with  the  formation  of  ammonia.  The 
presence  of  this  organism  is  the  cause  of  the  ‘  ‘  ammoniacal 
diaper”  and  resultant  dermatitis  so  otten  observed  in  the 
case  of  artificially  fed  infants.  It  has  been  shown  by  Cooke 
that  rinsing  of  the  diapei's  in  1 :5,000  bichloride  of  mercury 
or  in  saturated  boric  acid  solution  before  drying  results 
in  the  inhibition  of  the  growth  of  this  organism  in  the  urine 
of  the  wet  diaper.  If  boric  acid  is  used,  it  is  desirable  to 
sprinkle  additional  l)oric  acid  powder  in  the  diaper  when  it 
is  applied.  Changing  the  character  of  the  diet  by  reducing 
protein  and  fat  and  increasing  carbohydrate  so  as  to  cause 
an  acid  condition  of  the  contents  of  the  lower  bowel  also 
results  in  inhilution  of  the  growth  of  Alcaligenes  am- 
moniageiies  as  it  thrives  only  in  an  alkaline  medium. 
Changes  in  the  diet,  however,  are  not  necessaiy  in  the 
treatment  of  the  condition  and  usually  are  contraindicated. 
^A\mmoniacal  diaper”  is  the  only  common  cause  of  mental 
ulcer  in  circumcised  male  babies. 
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Sig’nificance  of  Stool  Examination 

From  what  lias  been  said,  it  is  evident  that  the  stools 
may  vary  greatly  even  under  normal  conditions.  If  an 
infant  is  gaining  in  weight,  has  no  fever,  and  is  healthy  in 
appearance,  it  makes  very  little  difference  whether  the 
stools  number  one  or  seven  a  day,  whether  they  are  him  oi 
semisolid,  whether  they  are  light  yellow,  orange,  or  green, 
and  whether  or  not  they  contain  fat  or  protein  cuids. 
The  general  health  of  the  infant  is  of  far  more  signihcance 
than  the  character  of  the  stools.  If,  however,  an  infant 
who  has  normally  been  having  one  or  two  stools  a  day  be¬ 
gins  to  have  six  or  seven  with  an  increased  amount  of 
mucus,  and  if  the  stools  become  watery,  the  probability  is 
that  some  infection  either  within  or  without  the  gastro¬ 
intestinal  tract  has  occurred  or  that  some  unsuitable  article 
of  diet  has  been  taken.  Very  large,  light-colored,  foul 
stools  containing  much  soap  and  some  neutral  fat  are  seen 
in  cases  of  chronic  intestinal  indigestion  or  celiac  disease. 
The  presence  of  macroscopic  pus  and  blood  in  the  stools  is 
indicative  of  definite  abnormal  conditions.  ^licroscopic 
examination  of  the  stools  of  infants  usually  gives  little  in¬ 
formation  that  cannot  be  obtained  by  simple  inspection. 


CHAPTER  XI 

BREAST  FEEDING  OF  THE  NORMAL  INFANT 

General  Considerations 

The  milk  of  a  healthy  mother  who  is  receiving  a  diet 
nutritionally  adequate  in  all  respects  may  be  expected  to 
contain  all  the  nutritional  factors  necessary  for  the  infant, 
and  in  sufficient  amount,  with  the  exception  of  iron,  vita¬ 
min  D,  and  j^ossibly  thiamine.  Presumably  Nature  in¬ 
tended  that  vitamin  D  be  obtained  from  radiant  energy. 
The  iron  stored  in  the  body  at  and  after  birth  may  be  ex¬ 
pected  to  compensate,  during  the  first  six  months  of  life, 
for  the  low  iron  content  of  milk,  if  the  baby  remains  in 
good  health.  The  caloric  value  of  human  milk  is  such 
that  when  the  infant  is  fed  at  reasonable  intervals  and 
takes  as  much  as  he  desires,  the  total  energy  requirements 
are  met.  Little  danger  of  over-  or  underfeeding  exists 
provided  nursings  are  at  proper  intervals,  and  the  moth¬ 
er’s  supply  of  milk  is  adequate.  The  milk  in  the  breasts 
is  normally  free  from  harmfu!  ])acteria,  and  if  reasonable 
cleanliness  is  observed  and  the  nipples  do  not  become  in¬ 
fected,  the  milk  as  received  by  the  infant  will  also  be  free 
from  harmful  bacteria.  Volume  for  volume,  human  milk 
is  more  readily  digested  by  the  human  infant  than  is  un¬ 
diluted  cow’s  milk.  It  has  been  assumed  that  human 
milk  contains  certain  immune  bodies  which  are  of  value 
in  rendering  the  infant  resistant  to  infection,  but  con¬ 
vincing  joroof  of  this  fact  is  lacking  and  furthermore  most 
immune  bodies  are  destroyed  during  the  processes  of  diges¬ 
tion.  It  has  been  shown  in  the  case  of  animals  that  ab¬ 
sorption  of  globulins  from  the  colostrum  during  the  first 
few  days  of  life  is  a  factor  in  increasing  immunity;  it  is  not 
certain  whether  or  not  this  is  the  case  in  human  beings. 
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Infants  who  are  breast  fed  by  liealtby  well-nourislied 
mothers  with  abundant  milk  secretion  are  usually  healthy 
babies  and  have  fewer  infections  than  artificially  fed  in¬ 
fants.  The  mortality  during  the  first  few  months,  accord¬ 
ing  to  most  statistical  studies,  is  lower  among  infants  who 
are  entirely  breast  fed. 

One  of  the  important  factors  in  favor  of  breast  feeding 
is  the  emotional  satisfaction  which  both  the  mother  and 
the  l)aby  derive  from  the  process.  The  baby  gets  a  sense 
of  security  and  satisfies  his  hunger  without  the  emotional 
disturbance  of  the  mother  that  often  occurs  if  the  baby 
refuses  part  of  his  bottle  feeding,  or  demands  more  than 
liis  rationed  portion.  The  mother  sits  in  a  comfortable 
chair  holding  her  infant  while  he  feeds.  She  gets  rested 
and  the  immeasurable  satisfaction  that  goes  far  in  estab¬ 
lishing  good  parent-child  relationshi]).  With  well-chosen 
sujiplementary  foods  the  breast-fed  baby  thrives  well  until 
he  is  old  enough  to  eat  his  food  at  meals. 


Because  a  baby  is  breast  fed,  however,  does  not  insure 
that  he  is  always  well  fed.  The  mother’s  milk  may  be 
deficient  in  quantity,  in  ([uality  or  in  both.  The  amount 
and  ([iiality  of  human  milk  dei)end  in  large  measure  on 
the  mother’s  diet  and  health.  The  vitamin  content  of  the 
milk  in  particular  is  directly  dependent  on  the  intake  of 
the  mother.  Vitamin  deficiencies  have  been  observed  in 
breast-fed  infants.  Also  some  mothers  secrete  dilute  milk, 
so  low  in  protein,  calcium,  and  phos])horus  that  the  liaby 
cannot  get  enough  of  these  food  factors  in  the  volume  of 
milk  he  can  ingest.  A  ba])y  getting  too  little  milk  may 
not  complain.  Unless  the  bal)y’s  weight  is  measured  regu- 
l<o  ly,  the  mother  may  be  unaware  that  her  infant  re(‘eives 
insufficient  food.  Notwithstanding  all  these  facts,  it  is 
still  advisable  to  have  a  baby  feed  at  the  breast  whenever 
possible,  and  it  is  ])ossible  at  least  for  the  first  few  months 
in  over  85  per  cent  of  cases.  Breast  feeding  should  be  en¬ 
couraged  especially  among  the  pooj-,  the  ignorant,  and  the 
careless,  for  it  is  difficult  for  these  peojile  to  carrv  out 
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satisfactory  artificial  feediiio-.  The  total  amount  of  food 
given  may  not  he  siillicient,  certain  essentials  may  be 
omitted,  and  bacterial  contamination  occurs  frequently  if 
aitificial  feeding  is  attempted.  The  deficiencies  of  arti¬ 
ficial  feeding  as  practiced  by  these  mothers  far  outweigh 
those  of  breast  feeding. 


^laiij  babies  are  weaned  iiimecessarily  because  of  minor 
complaints.  On  the  other  hand,  it  is  not  advisable  to  allow 
a  baby’s  nutrition  to  suffer  because  the  mother  has  an  in¬ 
sufficient  supply  of  milk,  or  to  urge  a  delicate  mother,  who 
has  insufficient  milk,  to  nurse  an  infant  who  is  in  good 
health  and  capable  of  thriving  with  an  artificial  formula. 


Contraindications  to  Breast  Feeding 

Certain  definite  contraindications  to  maternal  nursing 
exist.  A  mother  with  active  tuberculosis  should  not  nurse 
her  baby,  nor  should  she  come  in  contact  Avith  it  in  any 
way.  Tulieri'ulosis  is  prolialily  not  transmitted  directly 
through  hmuan  milk,  but  the  close  contact  with  the  mother 
necessitated  by  nursing  exposes  the  baby  to  infection,  and 
young  infants  are  extremely  susceptible  to  tuberculous  in¬ 
fection.  We  have  seen  a  young  infant  succumb  to  tubercu¬ 
losis  Avho  had  been  handled  only  hvice  by  a  mother  in  the 
active  stage  of  the  disease. 

A  mother  who  is  herself  in  poor  general  health  and  sut- 
fering  from  severe  chronic  illness  such  as  adAmnced  nephri¬ 
tis,  cardiac  disease,  or  cancer  should  not  nurse  her  infant. 
Tt  has  been  demonstrated  in  cancer-inheriting  strains  of 
animals  that  an  agent  Avhich  may  produce  malignant 
growths  is  transmitted  through  the  milk  during  the  pre- 
canceroiis  stage  of  the  mother.  In  the  present  stage  of 
our  knowledge  of  cancer  ])roduction,  it  is  appropriate  that 
mothers  Avith  family  history  of  cancer  refrain  from  breast 
feeding  their  infants.  A  mild  degree  of  nephritis  A^  ithont 
uremia  or  nonprotein  nitrogen  retention  is  not  a  contrain¬ 
dication  to  nursing.  Diabetes  is  usually  not  a  ('ontiaindi- 
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cation;  in  fact,  llie  niotlicr’s  carboliydrate  tolerance^  is 
liiglier  during  tlie  nursing  ])eriod  iiecanse  of  tlie  secretion 
of  carlioliydrate  in  tlie  milk. 


In  the  presence  of  mastitis,  use  of  the  affected  lireast 
should  he  discontinued.  ith  double  mastitis,  complete 
weaning  is  necessary.  Acute  infections  on  the  pait  of  the 
mother  necessitate  tonportui)  weaning,  but  the  bi easts 
should  be  emptied  by  manual  expression  (for  technique  see 
p.  180)  and  the  infant  should  be  put  to  the  breast  again 
as  soon  as  the  mother’s  temperature  has  returned  to  nor¬ 
mal.  j\Iore  iirolonged  infections,  such  as  typhoid,  necessi¬ 
tate  permanent  weaning.  If  the  mother  has  to  undergo  a 
surgical  operation,  the  infant  should  be  taken  from  the 
breast  temiiorarily  and  the  breasts  pumped  until  after  the 
mother  has  recovered  from  the  effects  of  the  anesthetic. 


Syphilis  in  either  the  mother  or  the  baby  is  no  contra¬ 
indication  to  nursing.  The  nutrition  of  the  syphilitic  in¬ 
fant  is  likely  to  be  ])oor,  even  under  the  best  circumstances, 
and  it  is  these  infants  who  es])ecially  require  mother’s 
milk.  Certain  infants,  especially  those  liorn  prematurely, 
are  too  weak  to  nurse  satisfactorily;  others  are  unable  to 
nurse  because  of  such  deformities  as  cleft  palate  and  hare¬ 
lip.  Under  such  circumstances,  the  breasts  should  be  emp¬ 
tied  mechanically  and  the  milk  fed  to  the  infant  from  a 
bottle  or  medicine  dropper. 

’File  occurrence  of  menstruation  during  the  period  of  lac¬ 
tation  is  not  an  indication  for  weaning.  AVhen  pregnancv 
occurs,  it  is  advisable  to  Avean  the  infant  gradually,  but 
many  mothers  are  able  to  nurse  their  babies  satisfactorily 
during  the  tii’st  *i(‘w  months  of  pregnane}’’,  provided  they 
are  themselves  in  good  health.  It  has  been  claimed  that 
continuation  of  nursing  during  the  latter  half  of  pregnancv 
tends  to  cause  miscarriage. 

Vomiting,  colic,  diari'hea,  oi-  failure  to  gain  in  weight 
IS  not  necessarily  indication  for  weaning.  Such  symptoms 
may  call  for  more  frequent  or  less  frequent  feeding,  for 
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attention  to  the  diet  and  hygiene  of  tlie  mother,  or,  occa¬ 
sionally,  for  complementary  or  supplementary  feedings 
from  the  bottle. 


CHARACTERISTICS  OF  HUMAN  MILK 

Colostrum 

^  During  the  first  few  days  post  partnm  the  milk  secreted 
differs  considerably  in  character  from  that  secreted  later. 
The  first  milk,  known  as  colostrum,  is  a  thin,  yellowish  fluid 
containing  more  protein  and  salts  and  less  fat  and  sugar 
than  the  later  milk.  It  contains  nnmerons  large  lympho¬ 
cytic  cells — the  “colostrum  corjmscles.”  Colostrum  has 
also  a  much  higher  content  of  some  Yitamins  than  does 
milk  secreted  later.  Unlike  milk,  colostrum  is  readily 
coagulated  by  heating.  It  appears  to  have  a  certain  laxa¬ 
tive  effect  and  may  aid  in  bringing  about  evacuation  of 
the  meconium.  Experimental  work  on  animals  indicates 
that  globulin  is  jiresent  in  colostrum  which  may  be  ab¬ 
sorbed  unchanged  into  the  blood  and  facilitate  the  develop¬ 
ment  of  immunity.  It  has  not  lieen  shown  that  such  trans¬ 
fer  occurs  in  the  case  of  the  human  infant. 

The  amount  of  colostrum  secreted  is  relatively  small, 
usually  under  100  ml.  in  the  course  of  a  day.  About  the 
third  or  fourth  day  the  milk  “comes  in.”  The  lireasts 
become  distended  and  tender.  Secretion  increases  sharply 
in  amount  and  the  milk  gradually  assumes  its  mature 
character.  For  at  least  one  or  two  weeks,  however,  the 
milk  still  retains  some  of  the  characteristics  of  colostrum. 
By  the  end  of  the  first  month,  the  character  of  the  milk  is 
essentially  the  same  as  that  which  is  secreted  during  the 
remainder  of  the  nursing  period. 


Composition  of  Human  Milk 


The  chief  constituents  of  human  milk  are  fat,*  sugar,  pro¬ 


tein,  mineral  salts,  water,  and  vitamins.  Other  substances 
of  uncertain  com])Osition  also  are  present,  the  functions  of 
which  ar(‘  not  fully  known.  The  average  composition  of 
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mature  human  and  cow’s  milk  is  shown  in  Table  J\  . 
Tinman  milk  is  much  more  variable  in  composition  than 
is  generally  realized.  Samples  of  milk  from  different 
women  may  show  a  range  of  more  than  TOO  per  cent  in 
the  amounts  of  each  constituent.  For  milk  of  good  qual¬ 
ity,  ingestion  of  a  diet  adequate  in  all  respects  is  essential. 
The  following  discussion  concerns  “average”  human  milk. 

The  caloric  value  of  human  milk  is  approximately  650 
calories  to  the  liter,  or  20  calories  to  the  ounce. 

The  amount  of  fat  in  human  milk  is  more  variable  than 
that  of  either  protein  or  carbohydrate.  Although  the  usual 
variation  is  from  2.5  to  5.0  ])er  cent,  values  as  low  as  1.0 
per  cent  and  as  high  as  10  })er  cent  have  been  observed. 
The  first  portions  of  milk  removed  from  the  breast  are 
low  in  fat;  the  last  ])ortions,  or  strijijiings,  considerably 
higher.  No  conclusions  as  to  the  fat  content  of  the  milk 
should  be  drawn  unless  the  breast  is  entirely  emptied  and 
the  fore  and  last  jiortions  mixed. 

The  fat  of  human  milk  is  ])resent  as  minute  glolniles 
held  in  a  state  of  emulsion.  The  chief  fats  are  tripalmitin, 
tristearin  and  triolein,  of  which  triolein  comprises  about 
35  per  cent.  About  one-lialf  the  fats  are  unsaturated.  Tin¬ 
man  milk  fat  contains  about  twice  as  much  of  the  fatty 
acids  of  the  so-called  essential  groiqi  and  much  less  volatile 
fatty  acids  than  cow  s  milk.  This  latter  fact  is  of  some 
importance  in  infant  feeding,  as  the  volatile  fatty  acids 
are  somewhat  irritating  to  the  gastrointestinal  tract. 

^  The  mean  value  for  protein  content  of  human  milk,  as 
listed  by -various  investigators,  varies  from  0.78  to’ 2.1 
])er  cent.  The  variation  in  individual  milks  must  be  much 
greater.  The  protein  content  of  colostrum  is  usually  much 
peater  than  that  of  milk  secreted  later.  Values  lu)  to 
5  per  cent  are  rejxu-ted  for  colostrum.  The  proteins  of 
uunan  milk  are  casein,  lactalbumin,  and  lactoglobulin 
60  per  cent  (nearly  two-thirds)  of  the  total  ])rotein  present 
be.nK  lactallnimin.  Tlie  clmnieteristics  „r  these  proteins 
aie  discussed  elsewhere  (see  Chapters  ITT  and  TX). 


158 


INFANT  NUTRITION 


9 


n 


r*.^ 

a 

a 

Eh 

O  00 

c;  00 

S 

w 

012 

<5 

lO 

sa 

GC  00 

>s 

<D 

<  K 

lO 

q  CC 

*  o 

1  t 

SS> 

s 

Cu 

CO  (JI 

“2  “9 

Eh  M 

1-H  O 

9 

d 

§ 

Co 

pR 

c 

W 

IQ 

is 

q 

a 

o  o 

CO 

d  c6 

M 

Q 

o 

Cl  LQ 

WH 

o 

CO  o 
O  rH 

a 

Z 

•  HH 

o 

«»• 

o 

o 

LACT 

\LBUM 

rA  iro 

o 

rfH  CO 

a 

;z; 

.a 

5 

1C  o 

o 

6 

CO 

f-H  CO 

q  q 

< 

• 

»-H 

s 

z 

-< 

J 

Q> 

■M 

«5 

a 

W 

< 

iz; 

<1 

sa 

■f-H 

a  is 

1— H  CC' 

ci  d 

<;;• 

W 

CO  c^ 
^  Ci 

o  o 

H  H 

♦ 

a 

CD 

o  o 

OD  T-H 

ir» 

o 

H 

^  a 

-o  CO 

c3 

w 

a 

s 

•<H» 

s 

CO 

><1 

O 

a5 

rH 

a 

Co 

Na 

.011 

.050 

z 

Co 

CO 

CC  Cl 

-< 

‘D 

;5 

o 

1--  id 

w 

&q 

> 

b 

00  o 

a 

-r; 

o  -V 

c*r 

W 

»— t  IQ 

ai 

lO 
p  ra 

-< 

a 

o 

1-H  O' 

o 

CH 

iri 

a 

GO 

ci  cc 

-tl  31 

O  1-H 

|HS 

q  o 

CO 

E4 

o  o 

1 

Cd 

t- 

1 

o 

IQ  >Q 

w 

hS 

o  o 

w 

c3 

Ol  CC 

C^O  rH 

o 

q  rH 

0 

a 

3  m 

C3  ^0 

|i 

rH  r 

HH  W 

Wo 

<D 


o 


o 


w  o 


-n 

a  S 


5S  w 


is 


2^ 

M 


a 

2i 


a  o 
o  ^ 


u 


O  I— I  u-l 

H  ^ 

Si  H  a 


-i; 


5  d 


/S 


d  2 


o 

CQ 


a 

x: 


S 

H 


<  H 
O 


IC  C^l 


o  q 

iri  rH 


-H  I- 

o  o 
o  o 


GO 

O  CO 

o  o 
o  o 


q 


^  o 
^  ia> 
CI  c-o 


CO  o 
CO  GO 


O 
CO  O 
O  Oi 


GC 
r-i  CO 
O  C 


O  O 
Oi  CC 
Ci  »— I 


1  = 
W  Ci 


C5 

':a 

'<~H 


a. 


CJi 


to 


o 

so 


J.  ►. 

o  t- 


H  is 

a  Iz; 

S  o 


is 


M 


M 


Q 


a 


a  2 

2  ^ 

a  M 

a  6 


< 


c  is 
-s  is 


a>  r- 


lO  lO 

0-1 


lO  o 

Ol  o 


CO  rH 
iO 


iO  o 
t—  Ol 
Cl 


0-1- 

Cl  -r 


lO  I- 


CT)  w 

Ol  C: 

Cl 


t-  t- 
r-  t- 


1-.  I'- 
lO  Cl 


s=l 

a  w 


c  > 
^  o 


*S 


o 


o 


o 


o 

S 

o 


t4 

w 

H 

CC 


g  a 


a 


.3W 


H  a 
^  a 

g  < 

2  a 

a  5 

£  1=’ 


Eh 

gP 

O  H 

a  “ 

Oh 


q 

o  uo 


CO  T-H 
CO  CO 


lo  q 

GO  o 


-fH  i-H 
Cl  Cl 


CC  ^ 
00 

T— I  Cl 


Cl  q 

o 

o 


00  1 


00  Oi 
TjH  lO 


i  ^ 

o 

Wo 


tm 


C) 

c 


« 

O 

o  c 


o  ^ 
“co 
Co  o 

Cj  *  rH 


o 

JZ 

o 


« 


LC  •• 

oi  *o 

tH  O*^  ^ 

a  * 


CO 

o 


Ci  o, 

rH  t"* 


CvJ 

O  i-r 


<D 

H  c 

^  a> 
o  -M 
<M  o 

•  c3 

bib<^ 


T  ^ 
lo  O 

CO 


tJ3 


0) 


o 

•  CO 


O  Q 

t- 

•-5 


CO 


'C 


s  s 

u 


'V  o 

c  • 

CO  S 
CO  w 

o 
•  uo 
<x> 

oq 


I-:  a 

C. 

in 

•  •  o 

C 

O 

cn: 

.ss 


s: 


c 

•^u 

>>5 
■—  ^ 

0)  0) 
•n  C. 


'c  8 

c 

cdno 

C 

rH 


c 


5^  ^ 

O  4-» 
W  blD 


o  ^ 

OI 

w  ^ 

(1) 


t-  C 


C5  O 
C0«M 


^  C 

s? 


00 

CO 


o§ 


o 


gs- 


8is 


c3  ^ 


$  13  S 
■  C 


O  >3  O 

S  a  -2 
P3 


d 


d 

"C 

c.S 

d  > 
■“  d 


1-5  bfl 

S 


^5 


OiM 

HoO 

J<1 


d 


aS 

0?!J 


o? 
0!  2 
0!  d 
d 


30 


d 


"•V 


d 


•Oo 

C 

'"« 

■y  4) 
d  C 
y; 


C<M  ^.2 


M  5 


u  oj  .2 

5  2 

d  2  ;3” 

>  “i  '2  - 
*  >  *<.S 


Si 

o  S' 
^  £ 

c 

d 


oj, 

++H 


CO 


\n 

ct 


159 


BREAST  FEEDING  OF  THE  NORMAL  INI' ANT 


The  amount  of  protein  in  liiiman  milk  is  much  less  than 
in  cow’s  milk,  hut  because  of  the  higher  proportion  of 
lactalbumin,  it  has  a  good  nutritional  value.  Lactalbumin 
is  a  complete  j^rotein  and  has  been  shown  superioi  to  nasein 
in  promoting  growth  and  in  correcting  hypoproteinemia  of 
animals;  some  evidence  indicates  that  it  may  not  be  supe¬ 
rior  for  the  human.  The  amino  acid  content  of  human  milk 


may  be  compared  with  that  of  cow’s  milk  diluted  one-half, 
so  as  to  approximate  the  same  total  protein  content.  Such 


a  comparison  is  valid,  as  cow’s  milk  is  often  fed  in  this  dilu¬ 
tion,  especially  to  very  young  infants.  The  essential  amino 
acids  with  the  exception  of  tryptophane,  methionine,  and 
cystine  are  found  in  api)roximately  equal  amounts  in  hu¬ 
man  and  the  diluted  cow’s  milk.  The  diluted  cow’s  milk 
contains  onlv  one-third  as  much  cvstine  as  human  milk 
but  1.5  times  as  much  methionine.  Cystine,  while  not  truly 
an  essential  amino  acid,  has  a  sparing  effect  on  methionine 
need.  According  to  Williamson,  the  total  sulfur-containing 
acids  are  approximately  eciual  in  the  two  milks  (0.36  and 
0.38  milliniols  for  human  and  diluted  cow’s  milk,  respec¬ 
tively).  Human  milk  has  an  ample  amount  of  tryptoi^hane, 
whereas  the  diluted  cow’s  milk  is  definitely  inferior  in  its 
content  of  this  amino  acid.  However,  undiluted  cow’s  milk 


contains  ample  amounts  of  all  necessary  amino  acids.  The 
amount  of  protein  in  human  milk  usually  is  sufficient  for 
the  needs  of  the  average  normal  full-term  infant.  It  is 
not  enough  for  the  needs  of  the  prematurely  liorn  or  greatly 

undernourished  infant,  and  supplementarv  protein  must 
be  given. 

The  sugar  of  human  milk  is  exclusively  lactose.  The 
amounts  present  are  remarkably  constant,  varving  less  than 
those  of  miy  other  eonstituent.  Sue),  variations  as  are  re¬ 
ported  mtl.eljteratnre  are  to  he  explained  largely  on  the 
basis  of  the  different  analytieal  methods  used. 

Human  milk  of  good  ipiality  contains  all  tlie  mineral 
salts  necessary  for  the  nutrition  of  the  normal  infant  dur- 
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ing  the  lirst  few  months.  However,  it  does  not  supply 
enough  of  ull  tlie  ininemls  to  meet  the  needs  of  the  infant 
after  the  fiftli  or  sixth  montli,  so  that  mineral-containing 
supplements  should  he  given.  The  mineral  content  is  much 
lower  than  that  of  cow’s  milk,  but  the  utilization  of  all 
minerals  is  excellent.  Although  human  milk  contains  some¬ 
what  more  iron  than  cow’s  milk,  the  amount  is  insufficient 
for  continued  hemoglobin  formation  after  the  initial  iron 
stores  of  the  l)ody  are  exhausted.  The  high  content  of 
human  milk  in  folic  acid  may  lie  a  factor  in  the  lesser  in¬ 
cidence  of  anemia  in  l)reast-fed  babies.  The  iron,  calcium, 
and  phosphate,  as  well  as  the  protein,  provided  by  human 
milk  are  insufficient  to  meet  the  needs  of  the  rajudly  grow¬ 
ing  prematurely  born  infant.  For  these  babies,  dried 
skimmed  cow’s  milk  and  iron  should  be  added  to  the 
human  milk.  The  buffer  value  of  human  milk,  or  the  ca¬ 
pacity  for  neutralizing  gastric  acid,  is  very  low  as  com¬ 
pared  with  that  of  cow’s  milk. 

The  content  of  human  milk  in  the  known  vitamins  is 
shown  in  Table  IV,  C.  The  actual  values  found  in  any 
sample  of  milk  vary  with  the  diet  of  the  mother.  Vita¬ 
mins  A,  K,  C,  niacin,  folic  acid,  and  inositol  are  usually 
found  in  greater  concentration  in  human  than  in  cow’s 
milk.  However,  vitamin  deficiency  can  and  does  occur. 
Scurvy  is  uncommon  in  a  lireast-fed  l)aby  even  though 
no  vitamin  supplement  is  given.  Kickets  is  less  common 
than  in  artificially  fed  liabies,  but  occurs  sufficiently  often 
that  an  addition  of  vitamin  T)  to  the  diet  of  the  l^reast-fed 
baby  is  advisalile.  Vitamin  A  deficiency  of  breast-fed 
l)abies  lias  been  reported  in  the  Far  East,  thiamine  de¬ 
ficiency  in  Australia,  and  niacin  deficiency  in  this  country. 

The  bacteria  usually  found  in  human  milk  are  not  jiatho- 
genic  for  the  healthy  infant.  Such  bacteria  as  are  found 
are  chiefly  non])athogenic  cocci  derived  from  the  external 
milk  ducts.  In  the  presence  of  suppurative  mastitis  the 
causative  organism  may  he  present  in  the  milk  in  large 
numbers.  Anv  organism  present  in  the  mother  as  a  cause 
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of  septicemia  may  pass  into  tlie  milk.  Tubercle  bacilli 
are  not  found  in  Inimaii  milk  unless  the  breast  is  tlie  site 

of  the  disease. 

The  Hygiene  of  the  Nursing  Mother 

In  order  that  there  may  be  an  adequate  secretion  of  milk 
of  good  quality,  it  is  essential  that  the  mother  herself  be 
in  good  physical  condition  and  that  she  receive  an  adequate 
diet.  Tlie  mother  should  have  plenty  of  sleep  and  exercise 
in  the  open  air.  If  the  feeding  intervals  are  not  too  shoit, 
the  mother  can  have  more  time  free  for  rest  and  recrea¬ 
tion.  It  is  especially  desirable  that  she  should  have,  if 
possible,  unbroken  sleep  during  the  night.  After  the  in¬ 
fant  is  a  few  weeks  old,  it  is  often  possible  to  omit  the 
night  feedings.  The  mother  should  rest  for  at  least  an 
hour  each  afternoon.  She  should  relax  completely  and  rest 
for  a  while  after  each  nursing. 

Any  form  of  outdoor  exercise  which  the  mother  enjoys 
is  good  for  her,  provided  it  is  not  carried  to  the  point  of 
fatigue.  A  mother  who  is  overworking  around  the  house 
and  is  tired  out  is  not  likely  to  be  benefited  if  forced  to 
take  additional  outdoor  exercise.  Sitting  outdoors  in  a 
comfortable  chair,  or  motoring,  will  be  of  more  benefit  in 
such  a  case.  The  mother  should,  as  far  as  possible,  be 
relieved  of  worry  and  mental  strain.  If  her  supply  of 
milk  is  insufficient  in  quantity  and  the  baby  is  conse¬ 
quently  always  hungry  and  fretful,  the  mother  will  get 
little  rest  and  her  milk  supply  will  not  increase.  Under 
such  circumstances,  it  is  better  to  give  the  baby  additional 
food  in  the  form  of  a  suitable  artificial  feeding. 


Amounts  of  Milk  Secreted 

T-he  total  amount  of  milk  secreted  daily  depends  on  the 
demands  of  the  infant  and  the  capacity  of  the  breasts  to 
secrete.  The  chief  stimulus  to  milk  secretion  is  complete 
emptying  of  the  breasts.  A  healthy,  vigorous  infant  will 
be  likely  to  empty  the  breast  rather  completely,  with  re- 
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siiltaiit  Htiiiuilatioii  ol  milk  secretion. 


Tile  amount  of  milk 


secreted  liy  a  liealtliy  motlier  usually  increases  in  propor¬ 
tion  to  the  infant’s  demands.  Some  mothers  are  able  to 
nurse  more  than  one  infant.  Hegular  and  complete  empty¬ 
ing  of  tlie  breasts  either  liy  the  infant  or  by  manual  ex¬ 
pression  may  increase  tlie  amount  of  milk  enormously.  Wet 
nurses,  especially  Negroes,  have  been  known  to  produce 
more  than  a  g'allon  of  milk  a  day.  It  is  impossible  to 
state  beforehand  whether  or  not  a  mother  will  he  able 
to  produce  enough  milk  to  meet  entirely  tier  infant’s  needs. 
Some  thin,  l)ut  healthy,  mothers  with  small  breasts,  pro¬ 
duce  much  larger  quantities  of  milk  than  large,  well-de¬ 
veloped  fat  mothers.  A  mother  who  has  been  unsuccessful 
in  nursing  previous  infants  is  not  likely  to  lie  able  to  secrete 
enough  milk. 


Diet  of  the  Nursing  Mother 

If  the  mother’s  diet  is  already  adequate  in  every  par¬ 
ticular,  forced  overfeeding  will  not  increase  the  secretion 
of  milk,  hut  the  milk  secretion  of  the  underfed  mother  may 
])e  increased  by  the  giving  of  food  sufficient  in  quality  and 
quantity.  The  amount  of  human  milk  secreted  in  a  day 
to  meet  the  needs  of  the  nursing  infant  will  have  a  food 
value  of  from  500  to  (OOO  calories.  This  extra  food  must 
come  from  the  mother’s  body  or  he  supplied  in  her  diet. 
The  nursing  mother  consequently  should  take  more  food 
and  more  fluids  than  under  ordinary  conditions.  Milk  may 
he  secreted,  however,  even  at  the  expense  of  the  mother’s 
own  tissues. 

The  nursing  mother  does  not  require  a  very  special  form 
of  diet.  A  diet  that  is  suitable  for  her  under  normal  con¬ 
ditions  will  he  suitable  during  the  period  of  lactation  ex¬ 
cept  that  she  will  need  to  take  a  somewhat  larger  amount. 
There  seems  to  he  no  good  basis  for  the  idea  that  the 
nursing  mother  cannot  take  acid  fruits,  vegetables  or 
salads.  These  are  all  good  for  her  and  will  not  upset  hei 
digestion.  Certain  foods  such  as  onions  and  garlic  give  a 
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taste  to  the  milk  to  wliieh  older  infants  may  o])ject.  The 
daily  diet  slionld  contain  meat,  milk,  hiitter,  eggs,  two 
green  vegetables,  one  of  wliicli  slionld  be  raw,  and  fresh 

fruit. 

Milk  is  especially  valnalile  as  it  supplies  the  materials 
from  which  the  mother  may  ])rodiice  milk.  The  nursing 
mother  should  take  from  3  to  4  ])ints  (loOO  to  2000  ml.)  ol 
milk  a  day.  It  is  not  nei'essary  that  she  take  this  in  the 
form  of  lirpiid  milk.  To  some  adults,  milk  is  distasteful", 
in  such  cases  the  milk  may  be  (-ooked  in  the  food  or  served 
in  the  form  of  co(‘oa,  or  as  ice  cream  or  custards.  Kvap- 
orated  milk  lends  itself  well  to  the  ])reparation  of  various 
dishes  and  has  essentially  the  same  value  in  nutrition  as 
ordinary  bottled  milk.  One  ])int  of  evaiiorated  milk  is  ap¬ 
proximately  ecpiivalent  to  a  cpiart  of  bottled  milk,  and 
this  amount  can  easily  be  incor))()rated  in  the  daily  diet. 

Butter  contains  the  vitamin  A  of  the  milk  and  whatever 
vitamin  D  may  have  been  ])resent.  Xot  less  than  30  grams 
(one  ounce)  should  be  taken  daily.  Oleomargarine  forti¬ 
fied  with  vitamin  A  may  be  substituted  for  butter.  Full 
cream  cheese  is  almost  as  valuable  as  the  milk  from  which 
it  is  made,  containing  most  of  the  fat,  protein,  and  fat- 
soluble  vitamins,  and  considerable  calcium  and  phosphorus. 

Eggs  are  valuable  because  of  their  content  of  many  of 
the  nutritional  essentials.  One  egg,  or  ])referably  two, 
should  be  taken  daily.  These,  like  millc,  may  be  incor¬ 
porated  in  other  foods. 

Green  vegetables  should  have  an  especially  important 
place  in  the  diet  because  of  their  content  of  tlie  B  group 
of  vitamins,  vitamin  C,  and  mineral  salts,  as  well  as  for 
their  laxative  effect.  Tlie  vitamin  P.,  requirements  for 
lactation  are  high.  A  leafy  vegetable  should  be  served 
daily  as  salad.  Citrus  fruits,  bananas,  tomatoes,  cabbage, 
and  potatoes  are  valuable  sources  of  vitamin  C. 

Lactating  women  vary  in  their  requirement  for  vitamin 
n.  In  any  case  it  is  desirable  to  supply  this  vitamin  in 
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addition  to  any  small  amounts  that  may  be  contained  in 
the  foods  of  the  diet.  At  least  400  units  daily  should  be 
gi\en,  and  in  some  instances  800  units  mav  be  required  for 
satisfactory  calcium  utilization. 

When  the  diet  contains  the  articles  mentioned,  it  is 
rather  immaterial  what  goes  to  make  up  the  remainder; 
it  is  essential,  however,  that  the  total  calories  be  sufficient 
to  provide  for  the  needs  of  the  mother  and  for  the  secretion 
of  milk  as  well.  The  nursing-  mother  should  take  about 
1,000  calories  more  than  she  would  otherwise.  She  may 
make  up  the  calories  in  almost  any  way  she  prefers,  so 
long  as  the  essential  foods,  milk,  green  vegetables,  and 
fruits  are  taken  in  sufficient  amount.  She  may  take  meat 
once  a  day  or  three  times  a  day,  she  may  take  carbohydrate 
as  potatoes,  white  bread,  whole  wheat  bread,  rye  bread, 
or  cereals,  hot  or  cold.  She  may  eat  hot  cakes  and  syrup 
and  a  reasonable  amount  of  candy  and  cakes,  provided  her 
own  digestion  is  not  thereby  iq^set. 

A  sufficient  intake  of  fluids  is  essential.  A  nursing 
mother  should  drink  at  least  a  quart  (liter)  of  water  a  day 
in  addition  to  the  quart  and  a  half  (1500  ml.)  of  milk. 
The  water  may  be  taken  as  fruit  juices  or  other  flavored 
beverages. 

IMothers  whose  diets  are  insufficient  in  total  amount  to 
meet  their  own  needs  may  secrete  milk  which  is  produced 
at  the  expense  of  the  mother’s  body,  but  the  amount  se¬ 
creted  is  likely  to  be  scanty  and  to  decrease  gradually. 
Overstuffing  the  mother  with  food,  however,  will  not  in¬ 
crease  her  milk  secretion.  It  is  doubtful  whether  the  pro- 
])ortions  of  fat,  carbohydrate,  and  protein  in  the  milk  are 
greatlv  influenced  by  changes  in  the  character  of  the 
mother’s  diet,  although  the  vitamin  content  is  susceptible 
to  considerable  change.  No  evidence  has  been  presented 
that  the  taking  of  moderate  amounts  of  alcoholic  lieverages 
or  of  tea  and  coffee  or  smoking  iu  moderation  affects  the 
character  of  the  milk  adversely,  iirovided  the  mother  is 
not  affected. 


breast  feeding  of  the  normaf  infant  10.) 

I 

Relatively  few  drugs  taken  by  mouth  are  excreted  in 
the  milk  in  suffieient  amounts  to  have  an  effect  on  tlie  in¬ 
fant.  Atropine,  morphine,  iodides,  bromides,  arsenic,  sal¬ 
icylic  acid,  nicotine,  sulfonamides,  and  some  of  the  coal 
tar  antipyretics  are  secreted  into  the  milk  in  small  amounts. 
The  taking  of  laxatives  by  the  mother  is  generally  believed 
to  produce  laxative  effects  on  the  nursed  infant.  This  is 
difficult  to  explain,  if  true. 

Care  of  the  Breasts  and  Nipples 

The  breasts  should  not  be  coiipiressed  by  close-fitting 
dresses  or  brassieres,  but  iiendiilous  breasts  should  be 
loosely  supported.  Cleanliness  of  the  breasts  and  nipples 
is  essential.  The  nipples  sliould  be  gently  washed  with 
clean  (preferably  boiled)  water  before  and  after  each  nurs¬ 
ing.  This  should  be  done  Avith  clean  cotton  cloth  or  gauze. 
The  nipples  should  not  be  handled  with  the  fingers.  A 
clean  piece  of  cloth  should  cover  the  ni])])les  lietween  nurs¬ 
ings. 

If  the  nipples  become  tender  or  chapped,  they  should  be 
greased  with  petrolatum,  lanolin  or  10  per  cent  balsam 
of  Peru  ointment. 

The  chief  thing  to  lie  feared  and  avoided  in  connection 
with  the  mother’s  nipples  is  that  they  become  clia^Dped 
and  fissured.  Such  fissures  make  nursing  a  very  painful 
process  and  at  the  same  time  offer  abundant  opportunity 
for  entry  of  pyogenic  liacteria  which  may  cause  inflamma¬ 
tion  or  abscess  formation  to  such  an  extent  as  to  make 
nursing  not  only  temporarily,  l)ut  even  permanently,  im¬ 
possible.  If  the  nipples  have  become  fissured,  it  is  well  to 
allow  the  baby  to  suckle  only  through  a  nipple  shield,  keep¬ 
ing  the  hi  easts  empty,  if  necessary,  by  manual  expression 
or  a  breast  pump.  Often  nipple  shields  prove  relatively  in¬ 
efficient,  m  which  case  the  baby  should  be  fed  milk  that 
has  been  expressed  from  the  breast.  Healing  of  fissures 
IS  promoted  by  the  application  of  a  5  per  cent  solution  of 
silver  nitrate.  In  the  case  of  aliscess  formation,  it  is  usually 
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necessary,  at  least  temporarily,  to  wean  the  baby  from  the 
involved  l)reast.  The  breast  should  be  emptied  by  manual 
01  mechanical  means  and  the  milk  discarded  until  healing 
has  occurred,  when  the  nursing  may  be  resinned. 

When  the  milk  secretion  is  first  established,  the  breasts 
may  liecome  painful,  due  to  engorgement.  This  same  con¬ 
dition  of  engorged  or  ‘‘caked”  breasts  may  occur  from 
time  to  time  subsequently.  In  such  instances  the  milk  flow 
may  be  diminished  tbrongb  the  wearing  of  a  tight  binder 
and  tbrongb  restriction  of  fluids.  At  times  it  is  necessary 
to  relieve  the  engorgement  by  manual  or  mechanical  ex- 
]n*ession  of  the  milk.  (For  technique  see  p.  180.) 

Technique  of  Breast  Feeding 

The  baby  should  be  jilaced  at^  the  breast  for  the  first 
time  six  to  twelve  hours  after  birth,  and  thereafter  every 
six  hours  during  the  next  twenty-four  hours.  Very  little 
colostrum  may  be  olitained  by  the  infant,  Imt  the  nursing 
will  tend  to  stimulate  the  flow  of  milk  and  will  accustom 
the  liaby  to  suckling. 

Beginning  on  the  third  day,  the  infant  should  suckle  both 
breasts  every  four  hours.  Very  little  milk  will  be  obtained 
during  the  first  few  days  so  that  after  each  nursing  the  in¬ 
fant  should  be  given  sterile  water,  sugar  solution,  or  a  milk 
formula  from  a  bottle.  Sugar  solutions,  usually  5  per  cent, 
are  used  extensively  for  this  purpose.  For  those  who  pre¬ 
fer  a  milk  formula,  a  suitable  one  may  consist  of  one  part 
of  evaporated  milk  and  two  parts  of  water  with  8  per  cent 
added  sugar.  If  by  the  fourth  or  fifth  day  the  amount  of 
milk  obtained  l)y  the  infant  from  the  breast  is  insufficient, 
the  complemental  feedings  of  a  cow’s  milk  formula  should 
be  continued,  or  started  if  not  given  ^^I’eviously.  Usualh 
complemental  feedings  must  be  continued  for  only  a  fev 
days.  They  should  always  be  offered  ofter  the  baby  has 
lieen  put  to  the  breasts  and  has  taken  as  much  milk  as  he 
can  obtain.  A  definite  possil)ility  exists  that  the  newborn 
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baby  will  not  suckle  at  the  breast  with  f 

nersistenee  if  he  has  become  accustomed  in  the  first  fc^^ 

days  of  life  to  obtaining  bis  food  with  greater  ease  tioin 


the  bottle.  .  ,,  , 

AVlien  the  feeding  interval  is  four  bours,  it  is  usnally  ad¬ 
vantageous  for  tbe  infant  to  siiekle  both  breasts  at  cnicb 
feeding.  In  this  Avay  more  milk  usnally  can  be  obtained 
than  with  tbree-bonr  nursings  of  alternate  breasts.  Occa¬ 
sionally  wben  tbe  milk  secretion  is  scant,  musing  botb 
breasts  at  tbree-bonr  intervals  is  an  effective  means  of  in¬ 
creasing  tbe  flow.  At  times  tbe  infant  is  nnalile  to  empt^ 
tbe  breast  completely  because  of  tbe  presence  of  depressed 
nipples  or  because  of  weakness  or  moutb  deformity.  In 
sucb  cases  tbe  breasts  sbould  be  emptied  mecbanically  and 
tbe  expressed  milk  fed  to  tbe  baby  until  tbe  obtaining  of  a 
sufficient  amount  becomes  ])ossible. 

A  few  infants  fail  to  do  well  on  a  four-bour  feeding 
scbedule.  Some  become  very  bungry  at  tbe  end  of  two 
and  one-balf  or  three  bours,  and  cry  until  tbe  feeding  is 
given.  Tbis  may  be  sinpily  an  indication  of  underfeeding. 
On  tbe  other  band,  it  may  mean  that  tbe  infant’s  gastric 
motility  is  rapid  and  bis  stomacb  is  quickly  emptied.  Small 
or  weak  infants  who  do  not  suckle  vigorously  often  do  bet¬ 
ter  on  a  tbree-bonr  scbedule.  If  a  tbree-bour  feeding  scbed¬ 
ule  is  adopted,  tbe  breasts  sbould  usually  be  offered  alter¬ 
nately  except  during  tbe  ])eriod  when  tbe  milk  flow  is  being 
established.  It  is  not  advisable  to  put  tbe  infant  to  tbe 
breast  more  often  than  every  three  bours. 

Tbe  four-bour  nursing  interval  lias  a  number  of  advan¬ 
tages  over  shorter  intervals.  Tbe  infant  is  bungry  at  tbe 
end  of  four  bours,  suckles  vigorously,  and  more  completely 
enqities  tbe  breasts.  Tbis  in  itself  is  tbe  best  stimulus  to 
milk  production.  Tbe  gastrointestinal  tract  of  tbe  infant, 
especially  tbe  stomacb,  lias  a  chance  for  rest  between  feed¬ 
ings  and  is  not  constantly  taxed  to  capacitv.  Tbe  infant 
fed  at  four-bour  intervals  takes  more  food  at  a  feeding  and 
sleeps  longer  after  tbe  feeding,  thus  getting  more""  rest 
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in  the  course  of  a  day.  Vomiting  is  less  frequent  in  infants 
G  at  longei  intervals  than  in  those  fed  at  two-  or  three- 
hour  intervals.  The  long  feeding  interval  gives  the  mother 
a  chance  for  rest  and  recreation  and  makes  it  unnecessary 
foi  her  to  spend  her  entire  time  with  the  baby.  Some 
mothers,  who  are  unwilling  to  nurse  their  babies  at  short 
intervals,  do  not  object  to  the  longer  intervals. 

Tlie  number  of  feedings  in  twenty-four  hours  will  de¬ 
pend  on  the  adequacy  of  the  milk  supply.  When  the 
mothei  has  an  abundant  supply  of  milk,  even  a  young  in¬ 
fant  may  receive  sufficient  food  in  four  or  five  nursings  to 
meet  all  his  requirements.  As  soon  as  the  infant  will  sleep 
through  the  night  without  waking  and  is  gaining  weight 
at  a  satisfactory  rate  the  2  a.m,  feeding  may  be  omitted 
and  later  the  one  at  10  p.m.  Occasionally,  when  the  night 
feedings  are  omitted,  the  infants  awaken  at  night,  either 
through  force  of  habit  or  because  of  thirst,  and  cry.  The 
giving  of  a  liottle  of  water  is  likely  to  satisfy  them. 

A  feeding  scliedule  once  adopted  should  be  adhered  to 
within  reasonable  limits,  but  the  l)aby  should  be  allowed 
some  latitude.  Occasionally  infants  who  are  fed  at  four- 
hour  intervals  become  very  hungry  at  the  end  of  three 
or  three  and  one-half  hours,  especially  when  they  have  been 
active  and  wlien  the  previous  feeding  has  been  a  small  one. 
In  these  circumstances  the  infant  should  not  be  allowed 
to  cry  for  a  lialf-liour  or  an  hour,  but  should  be  fed.  The 
following  feeding,  however,  should  be  at  the  regular  hour. 
It  is  very  easy  for  a  mother  to  get  in  the  habit  of  feeding 
the  baby  every  time  lie  cries  and  thus  make  the  feeding 
interval  shorter  and  shorter.  This  course  of  events  is 
especially  likely  to  haiipen  in  the  case  of  babies  who  are 
definitely  underfed  because  of  a  deficient  milk  siqoj^ly. 
Tlie  amount  of  milk  actually  taken  liy  the  Iml^y  should  be 
determined  and  if  insudident  should  be  complemented  by 
a  cow’s  milk  formula.  Baliies  with  irregular  nursing  hal)- 
its  are  likely  to  lie  lussy  and  colicky,  and  the  mother  who 
feeds  the  babv  whenever  he  cries  bei'omes  tired  and  nervous 
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,md  her  milk  supply  coiiseiiueiilly  .limiiiislies  An  es^ie- 
eially  pernicious  lial)it  is  that  of  liaving  the  baby  sleep 
with  the  mother  and  suckle  at  sliort  intervals  duung 
the  night.  The  bal)y  shouhl  be  in  a  crib  by  liimselt,  ]n-et- 
eral)ly  in  another  room. 


Tlie  iiiimher  of  minutes  tliat  an  infant  feeds  depends 
on  the  sucking  strength  of  the  infant,  tlie  amount  of 
milk  availalile,  and  whether  the  breasts  are  difficult  or  easy 
to  empty.  Under  normal  conditions,  a  vigorous  infant  will 
obtain  as  much  as  one-half  of  the  milk  in  the  first  two  or 
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three  minutes  and  three-fourths  of  the  total  within  the 
hrst  five  minutes.  Very  little  milk  is  obtained  after  ten 
minutes.  Small  and  weak  infants  olitain  milk  at  a  consid- 
eiahly  slower  rate.  These  facts  are  well  illustrated  in  the 
accompanying  chart  of  Smith  and  Merritt  (Fig.  7). 

A  healthy  baby  feeding  at  both  breasts  should  not  suckle 
longer  than  ten  minutes  at  each,  and  one  feeding  at  a  single 
hi  east,  not  longer  than  fifteen  minutes.  Some  very  weak 
infants  may  feed  as  long  as  twenty  minutes.  Infants  who 
remain  at  the  lireast  for  long  periods  are  likely  to  swallow 
air  instead  of  milk,  and  this  tends  to  cause  vomiting  and 
possibly  colic. 

Tlie  position  of  the  baby  during  the  nursing  is  of  im¬ 
portance.  A  few  mothers  prefer  to  nurse  their  babies  while 
lying  down.  It  is  better  that  the  mother  sit  up  while  nurs¬ 
ing  the  baby  and  that  the  baliy  he  held  in  a  semierect 
posture;  the  swallowing  of  air  is  then  largely  avoided  and 
the  air  already  in  the  stomach  tends  to  pass  up  the  esoph¬ 
agus  as  the  milk  is  swallowed.  It  has  been  shown  that 
infants  held  in  a  semierect  posture  usually  take  more  milk 
at  a  feeding  than  those  who  are  fed  while  recumbent.  This 
is  due  to  the  fact  that  the  intake  of  food  is  not  interfered 
with  by  distention  of  the  stomach  with  air.  All  babies 
swallow  a  certain  amount  of  air,  and  roentgenograms  regu¬ 
larly  show  an  air  bubble  in  the  stomach.  There  may  he 
sufficient  air  almost  to  fill  the  stomach.  In  all  instances, 
before  the  nursing  the  haln"  should  l^e  held  upright  over 
the  mother’s  shoulder  and  patted  on  the  hack  until  any 
swallowed  air  is  lielclied  up.  The  infant  should  also  he 
held  up  immediately  after  the  nursing.  With  some  infants, 
it  is  necessary  to  interrupt  the  nursing  to  allow  swallowed 
air  to  escape. 

The  amount  of  milk  obtained  at  a  single  nursing  is  not 
uniform  and  depends  upon  the  appetite  of  the  infant  and 
the  amount  of  milk  secreted  by  the  mother.  A  healthy  nor¬ 
mal  infant  may  take  eight  ounces  at  one  feeding  and  three 
at  another.  If  an  infant  has  slept  for  three  or  four  liours 
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between  feedings,  lie  is  likely  to  take  less  than  if  be  ha^s 
been  awake  and  active.  After  a  long  night  interval  a  much 
larger  amount  of  milk  is  likely  to  be  taken  than  at  other 
feedings  during  the  day.  It  is  consequently  impossible  to 
state  even  approximately  the  volume  of  milk  a  breast-fed 
baby  should  be  exiiected  to  take  at  a  single  feeding,  al¬ 
though  the  total  amount  required  for  each  day  may  be 
stated  more  definitely.  No  idea  as  to  the  adequacy  of  the 
milk  intake  can  be  obtained  from  an  observed  single  feed¬ 
ing.  To  determine  the  total  daily  amount  of  milk  received 
by  an  infant,  he  should  be  weighed  before  and  after  sev¬ 
eral  feedings  on  successive  days  and  the  results  averaged. 
Weighings  should  be  jierformed  with  clothes  and  diapers 
on,  for  if  the  diajier  is  changed  the  loss  of  weight  due  to 
passage  of  urine  or  stool  may  lead  to  erroneous  conclusions 
as  to  the  intake  of  milk. 


The  amount  of  milk  received  by  the  breast-fed  baby  in¬ 
creases  after  birth  until  at  two  weeks  of  age  he  gets  an 
average  of  130  grams  for  each  kilogram  (2  ounces  for  each 
l)oiind).  By  two  months  of  age  he  should  be  getting  at 
least  150  grams  for  each  kilogram  {2]i  ounces  for  each 
pound).  With  an  energy  value  of  605  calories  to  the  liter 
(20  calories  to  the  ounce)  the  milk  received  by  the  baby 
at  two  months  will  supply  at  least  100  calories  for  each 
kilogram  (45  calories  for  each  pound).  If  an  infant  fails 
to  gain,  is  fretful  and  hungry,  and  it  is  found  that  he  is 
receiving  an  amount  of  milk  less  than  the  quantity  stated, 
it  may  be  assumed  reasonably  that  the  food  is  inadequate. 
If,  on  the  othei  hand,  an  infant  fails  to  do  well  despite 
receiving  as  much  as  165  grams  for  each  kilogram  (2i/> 
ounces  for  each  ])ound),  the  probability  is  that  the  trouble 
is  not  due  to  underfeeding. 


Characteristics  of  the  Normal  Breast-Fed  Infant 

^  The  normal,  breast-fed  infant  is  well  nourished,  his  flesh 
IS  liard  and  firm,  his  eyes  are  l)right,  and  Ids  cheeks  and 
nails  are  pink.  Be  is  hapjiy  and  active  when  awake.  He 
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cues  only  when  liiingTy  or  iincoinfortable  from  such  causes 
as  cold,  a  wet  diaper,  improperly  adjusted  clothing,  or  dis¬ 
tention  of  the  stomach  from  swallowed  air.  He  has  from 
t^\  0  to  four  stools  daily  during  the  first  few  months  and 
from  one  to  three  daily  after  that  time.  The  normal  breast¬ 
fed  baby  gains  from  180  to  210  grams  (six  to  eight  ounces) 
a  week  throughout  the  first  year  (^ee  weight  curves.  Chap¬ 
ter  I).  A  healthy  breast-fed  ])al)y  usually  sleeps  from  four¬ 
teen  to  eighteen  hours  a  day  during  the  first  two  months, 
and  from  fourteen  to  sixteen  hours  a  day  during  the  re¬ 
mainder  of  the  first  year. 

Infants  nursed  at  the  breast  usually  do  well  provided  the 
mother  has  a  sufficient  supply  of  milk  and  the  baby  is  fed 
at  proper  intervals.  Failure  to  do  well  is  more  likely  to 
be  due  to  the  presence  of  infections  or  to  congenital  anom¬ 
alies  than  to  the  character  of  the  food  if  the  quantity  of 
food  is  satisfactory. 

Underfeeding 

Certain  breast-fed  infants  fail  to  receive  a  sufficient 
amount  of  milk  from  the  mother  or  spit  up  frequently  and 
are  consequently  underfed.  The  symptoms  of  underfeed¬ 
ing  depend  on  the  degree  of  deficiency  of  the  diet.  There 
may  be  only  a  small  gain  in  weight,  or  an  actual  loss.  The 
total  volume  of  stools  passed  in  a  day  may  be  small,  but 
the  individual  movements  may  be  frequent  and  green. 
The  diarrhea  of  starvation  may  be  mistaken  for  that  of 
overfeeding.  The  underfed  infant  is  fretful,  cries  a  great 
deal,  and  is  likely  to  suffer  from  colic.  The  underfed  baby 
sucks  his  fingers  and  anything  he  can  get  to  his  mouth  and 
consequently  swallows  a  great  deal  of  air  and  often  vomits 
from  this  cause.  Hunger  causes  painful  contractions  of 
the  stomach  and  gastrointestinal  tract.  If  the  total  amount 
of  milk  obtained  by  the  baby  is  found  to  l)e  small,  comple¬ 
mentary  feedings  from  the  bottle  should  be  given.  At  the 
same  time,  every  effort  slioiild  be  made  to  improve  the 
mother’s  physical  condition  and  her  diet,  if  inadequate, 
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should  be  corrected.  This  pha.se  of  the  subject  has  been 
discussed  previously  in  this  chaptei . 

There  are  no  drugs  wliich  regularly  increase  the  flow  ot 
milk.  A  temporary  increase  in  the  milk  occurs  when  loitu- 
itrin  is  administered,  hut  this  appears  to  he  due  merely  to 
the  forcing  out  of  milk  from  the  breasts.  That  fraction  of 
pituitary  extract  known  as  ])rolactin  has  heen  used  foi 
increasing  the  amount  of  milk. 

If,  despite  all  efforts,  the  amount  of  milk  obtained  by 
the  baby  is  insufficient  for  his  needs,  the  complementary 
cow’s  milk  formula  is  continued,  or  else  the  baby  is  put 
to  the  breast  for  only  a  few  feedings  a  day  and  a  bottle 
is  given  at  the  remaining  feedings.  It  is  usually  inad¬ 
visable  to  wean  the  baby  completely  during  the  first  few 
months  of  life  if  the  mother  is  able  to  give  as  much  as 
one-half  of  the  milk  necessary  for  his  nutrition.  When  no 
more  than  this  can  be  obtained,  even  after  making  every 
effort,  it  is  not  worth  while  to  continue  the  breast  feeding 
and  the  infant  should  be  weaned  com|)letely. 

Overfeeding 

If  an  infant  is  nursed  at  intervals  of  four  hours,  there 
is  little  danger  of  overfeeding  at  the  breast.  Occasionally 
the  mother  has  an  abundant  supply  of  milk  which  flows 
so  freely  that  the  infant  gorges  himself  at  each  feeding 
and  promptly  regurgitates  at  the  conclusion  of  the  nursing. 
This  does  relatively  little  harm,  the  spitting  up  of  the  food 
protecting  the  infant’s  intestinal  tract  from  too  great  an 
excess.  Sometimes  the  infant  may  retain  more  milk  than 
his  digestion  is  capable  of  caring  for,  and  indigestion  or 
diarrhea  may  result.  The  simple  remedy  is  to  limit  the 
time  of  nursing,  allowing  the  infant  to  suckle  only  one 
breast  at  a  feeding  and  then  for  a  short  period,  which  may 
have  to  be  only  three  or  four  minutes.  If  the  baby  is  over¬ 
fed  when  being  nursed  at  three-houi-  intervals,  a  four-hour 
schedule  should  be  employed. 
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Unsuitable  Milk 

Milk  fioiii  a  liealtliy  and  suitably  fed  mother  rarely  dis¬ 
agrees  with  her  bal)y,  although  the  ])al)y  may  fail  to  do 
well  because^  of  irregular  uursiugs  or  ingestion  of  insuf¬ 
ficient  quantity  of  milk.  In  those  instances  in  which  the 
milk  seems  to  disagree,  the  cause  usually  is  not  easily 
found.  When  the  quantity  of  milk  is  sufficient,  analysis 
of  the  milk  for  fat,  protein,  and  carl)ohydrate  seldom  gives 
helpful  information. 

The  amount  of  fat  in  human  milk  varies  widely  among 
different  women.  The  fat  content  may  be  low  so  that  the 
milk  has  a  low  energy  value  or  the  fat  content  may  be  so 
high  ns  to  lead  to  digestive  distnrl)ance.  In  some  instances 
in  which  the  fat  content  is  high,  the  difficulty  may  be  rem¬ 
edied  by  having  the  infant  only  partially  empty  the  breasts 
at  a  nursing.  This  practice,  however,  is  likely  to  result 
in  decrease  in  milk  secretion. 

In  those  instances  in  which  milk  of  average  composition 
disagrees  with  the  baliy,  the  i)ossibility  of  allergy  is  to 
lie  considered.  Cases  have  been  reported  in  which  the  in¬ 
fant  appeared  to  be  sensitive  to  foreign  proteins  in  the 
mother’s  milk.  Elimination  of  the  suspected  j^roteins  from 
the  mother’s  diet  is  indicated  in  such  cases.  Eggs  appear 
to  be  a  cause  of  sensitization  more  frequently  than  other 
foods. 

Infants  may  fail  to  thrive  liecause  of  vitamin  deficiency 
in  the  mother’s  milk.  The  vitamin  content  of  the  milk  can 
liest  be  improved  by  giving  the  mother  a  good  diet. 

When  breast-fed  lialiies  fail  to  do  well  despite  regular 
nursing,  sufficient  food  intake,  proper  care,  absence  of  in¬ 
fection,  and  a  good  maternal  diet,  weaning  may  be  neces¬ 
sary. 

In  a  commendable  effort  to  encourage  breast  feeding 
many  extreme  statements  have  been  made,  such  as  a 
mother’s  milk  always  agrees  with  her  baby,”  ”a  baby  who 
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does  not  do  well  at  tlie  lireast  will  do  worse  on  aitificn 
feedins.”  Sncli  statements  are  nntnie.  All  luunan  milk 
is  not  perfect  any  more  than  all  luiman  heings  are  per  ec  . 


Gastrointestinal  Disturbances  of  Breast-Fed  Infants 

Severe  gastrointestinal  disturbances  occur  rather  infie- 
qnently  in  the  case  of  infants  who  are  exclusively  breast 
fed.  lylinor  disturbances  such  as  colic,  spitting  up  of  food, 
constipation,  or  mild  diarrhea  are,  however,  of  fairly  fre¬ 
quent  occurrence  and  call  for  approxu'iate  treatment.  Each 
of  these  conditions  is  considered  in  detail  in  individual 
chapters  that  follow. 


Mixed  Feedings 

There  are  a  number  of  conditions  under  which  it  is  ad¬ 
visable  to  feed  the  infant  partially  from  the  breast  and 
partially  from  the  bottle.  This  may  be  necessary  during 
the  time  that  the  milk  secretion  is  being  established.  It 
also  becomes  necessary  when  the  milk  supply  begins  to 
diminish  or  becomes  insuilicient  for  the  increasing  needs  of 
the  growing  infant.  AVeaning  is  usually  accomplished  by 
the  gradual  substitution  of  the  bottle  for  the  breast.  Mixed 
feeding  may  be  carried  out  in  two  ways,  the  artificial  for¬ 
mula  being  given  either  as  complemental  or  as  supple¬ 
mental  feeding.  By  conqdemental  feeding  is  meant  the 
giving  of  a  bottle  to  complete  a  single  feeding.  The  bottle 
feeding  in  such  instances  should  always  be  given  after  the 
infant  has  been  fed  at  the  breast.  By  sui)]:)lemental  or  sub¬ 
stitute  feeding  is  meant  substitution  of  the  bottle  for  one 
or  more  of  the  breast  feedings  during  the  day. 

Complemental  feedings  are  usually  used  when  the 
mother’s  milk  is  insulficient  for  the  infant’s  needs  and  an 
attempt  is  still  being  made  to  increase  the  amount.  Sup¬ 
plemental  feedings  are  used  at  the  time  of  weaning  when 
it  is  desired  to  allow  the  breast  to  dry  up  gradually.  Sup¬ 
plemental  feedings  are  also  used  occasionally  in  the  case  of 
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normal  infants  whose  mothers  have  sufficient  milk  but  are 
required  to  be  away  from  home  daily  for  a  longer  time  than 
the  customary  feeding  interval.  The  giving  of  one  bottle 
a  day  even  when  not  necessary  is  occasionally  advised  be¬ 
cause  of  the  fact  that  this  accustoms  the  baby  to  the  arti¬ 
ficial  feeding  so  that  no  difficulty  is  likely  to  be  experienced 
if  the  baby  has  to  be  weaned  suddenly  or  the  mother  has 
to  miss  one  or  two  nursings.  The  disadvantages  of  this 
practice  are  those  of  artificial  feeding  in  general.  The  milk 
mixture  may  not  be  suitable  for  the  baby  or  it  may  be  con¬ 
taminated  by  bacteria  due  to  lack  of  care  in  its  preparation. 
A  further  disadvantage  is  that  the  missing  of  one  or  two 
nursings  a  day  tends  to  diminish  the  mother’s  milk  supply. 

In  the  giving  of  a  mixed  feeding,  the  cow’s  milk  formula 
should  be  one  suitable  in  amount  and  composition  for  the 
age  and  size  of  the  infant.  The  formula  will  be  approx¬ 
imately  the  same  as  that  used  in  the  case  of  infants  of  the 
same  age  who  are  entirely  artificially  fed.  The  construc¬ 
tion  of  these  formulas  is  considered  in  the  chapter  on  arti¬ 
ficial  feeding.  Very  young  infants  may  be  given  either 
sweet  milk  or  acid  milk.  Older  infants,  however,  will  often 
refuse  to  take  the  bottle  if  it  contains  acidified  milk  because 
of  the  great  difference  in  taste  as  compared  with  human 
milk.  Sweet-milk  formulas  usually  must  be  used.  Sucrose, 
on  account  of  its  greater  sweetness,  may  be  the  preferable 
carbohydrate  to  add  to  the  formula  for  mixed  feedings. 

Additions  to  the  Diet  of  the  Breast-Fed  Infant 

It  is  advisable  to  give  cod-liver  oil  or  other  suitable 
source  of  vitamin  D  to  the  breast-fed  infant.  It  is  par¬ 
ticularly  necessary  in  the  case  of  prematurely  born  infants, 
those  growing  very  rapidly,  and  infants  of  certain  dark- 
skinned  races.  Cod-liver  oil  is  not  so  necessary  if  the  in¬ 
fant  is  frequently  exjiosed  to  sunlight  Init  should  be  given 
in  all  instances  during  tlie  ('ool  months.  The  administra¬ 
tion  of  cod-liver  oil  shoul<l  be  begun  early  in  tbe  first 
month.  One  teaspoonful  daily  (300  to  400  units  of  vitamin 
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D)  is  sufficient.  This  may  lie  given  at  the  time  of  nursing, 
the  oil  being  fed  witli  a  dropper,  or  it  may  be  fed  by  spoon 
at  the  same  time  that  the  orange  ,inice  is  given. 

It  seems  desirable  to  give  orange  jnice,  or  some  supple¬ 
ment  equivalent  in  vitamin-C  content,  to  the  breast-fe 
babv  even  though  the  milk  of  the  well-fed  mother  contains 
sufficient  vitamin  C.  The  average  observed  content  of  vita¬ 
min  C  in  human  milk  is  much  lower  than  the  maximum 
values  reported.  Because  of  the  amount  of  the  vitamin 
in  human  milk,  the  need  of  the  breast-fed  baby  foi  addi¬ 
tional  vitamin  C  is  not  so  great  as  in  the  case  of  the  aiti- 
hcially  fed  baby,  but  an  additional  amount  is  not  hai in¬ 
fill  and  it  serves  as  a  factor  of  safety.  Also  the  feeding 
of  orange  jnice  increases  the  variety  of  flavors  to  which 
the  baby  should  become  accustomed  early.  One  ounce  of 
orange  jnice  should  be  given  daily  during  the  first  three 
months,  and  two  ounces  thereafter. 

Other  additions  to  the  diet  become  necessary  as  the  age 
of  the  baby  increases.  The  needs  of  the  breast-fed  baby 
in  respect  to  these  additions  are  essentially  the  same  as 
those  of  the  artificially  fed  infant.  Giving  the  breast-fed 
baby  soft  custard  at  three  to  four  months  of  age  is  de¬ 
sirable.  This  addition  increases  the  iirotein,  mineral,  and 
vitamin  content  of  the  diet  a])preciably.  Such  a  procedure 
also  accustoms  the  baliy  to  s])oon  feeding  early,  so  that 
final  weaning  to  cup  and  spoon  will  be  simplified.  In  or¬ 
der  to  avoid  repetition,  the  feeding  of  egg,  fruits,  vege¬ 
tables,  cereals,  and  meat  products  is  discussed  in  Chapter 
XVIII. 


Weaning 

Undei  ordinary  conditions,  weaning  should  be  begun 
about  the  eighth  or  ninth  mouth,  frequently,  however, 
insufficiency  of  the  mother’s  milk  may  make  it  necessary 
to  wean  the  liaby  ])artially  or  completely  before  this  age. 
It  is  possible  for  babies  to  be  breast  fed  successfully  beyond 
the  tenth  month  if  the  diet  is  ai)])ro|)i-iately  sup])lemented 
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With  fruits,  vegetables,  and  other  foods,  but  no  particular 
advantage  is  gained  by  so  doing.  Whether  or  not  babies 
should  be  weaned  electively  during  hot  weather  depends 
much  on  the  socioeconomic  status  of  the  parents  and  on 
I  elated  factors.  When  good  milk  refrigeration  and  general 
sanitary  care  are  possible,  there  can  be  no  important  ob¬ 
jection  to  summer  weaning  appropriately  managed.  The 
greater  likelihood  of  bacterial  overgrowth  in  the  milk  in 
the  summer  and  of  decreased  digestive  capacity  on  the 
]iart  of  the  infant  during  hot  weather  must  lie  kept  in  mind. 
The  Aveaning  of  a  liaby  at  an  early  age  in  the  spring  in 
order  to  a\mid  Aveaning  at  an  appropriate  age  in  the  sum¬ 
mer  does  not  seem  justifiable,  although  often  recommended. 
If  possilile,  AA’eaning  should  be  aAmided  Avhile  the  infant  is 
acutely  ill. 

AVhen  Aveaning  becomes  necessary  before  the  sixth  or 
se\mnth  month,  it  is  usually  desirable  to  Avean  to  bottle 
feeding.  When  babies  are  Aveaned  at  seven  months  or 
later,  it  is  as  easy  to  Avean  to  cup  and  spoon  feeding  as  to 
bottle;  such  a  procedure  avoids  the  necessity  and  possible 
difficulty  of  Aveaning  from  the  bottle  Avhen  the  baby  is  a 
feAV  months  older.  Unless  the  infant  has  been  accustomed 
to  taking  food  from  the  liottle  or  cup,  Aveaning  is  some¬ 
times  difficult  because  of  obstinate  refusal  to  accept  a  food 
source  other  than  the  breast.  No  difficulty  is  to  be  expected 
if  the  baby  has  been  fed  previously  from  the  bottle  or  cup 
and  if  tliese  experiences  have  proved  satisfying.  This  type 
of  preparation  should  ahvays  be  giA’en.  When  sudden 
Aveaning  becomes  necessary  AAdthout  previous  preparation, 
the  food  should  lie  offered  at  regular  intervals.  Usually 
the  baliy  Avill  yield.  Occasionally  gavage  is  necessary. 

Wet  Nursing* 

In  a  ]n*evious  generation  tlie  mortality  of  infants  de- 
priA*^ed  of  mother’s  milk  Avas  tremendous  and  alioiit  the 
only  hope  of  rearing  such  an  infant  successfully  lay  in 
procuring  milk  fi’om  another  A\mman.  Uormeily  also  it 
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was  tlie  custom  to  feed  the  foster  bal)y  directly  at  the 
Ill-east  of  llie  wet  nurse.  At  tlie  present  time  most  infants 
deprived  of  inotlier’s  milk  are  fed  artilicially  with  sucli 
success  tliat  wet  nursing  is  now  rare.  It  is  chiefly  for  pre¬ 
maturely  horn  and  ill  infants  that  hniiian  milk  remains 
(lesiral)le  at  times.  In  these  circumstances  the  infants  are 
fed  milk  that  has  lieen  expressed  from  the  breast.  ^lilk 
from  foster  mothers  is  a  makeshift  substitute  for  maternal 
nursing  and  is  commonly  used  only  for  an  emeigency 
period. 

The  method  of  obtaining  human  milk  varies  with  local 
conditions.  In  hospitals  with  a  large  maternity  service 
milk  may  be  obtained  from  those  mothers  under  care  who 
have  an  excess  beyond  the  needs  of  their  own  babies.  In 
some  cities  “breast  milk  dairies”  have  been  established 
to  serve  as  distributing  centers  for  human  milk.  The  Avet 
nurse  expresses  her  milk  and  brings  it  to  the  center.  AVhen 
neither  of  these  facilities  is  available  and  when  the  need  is 
sufficient,  usually  a  mother  can  be  found  who  has  milk  to 
spare  and  the  milk  can  be  delivered  to  the  home  of  the 
foster  baby.  Many  healthy  lactating  women  are  able  to 
supply  sufficient  milk  for  two  or  three  infants. 

In  selecting  women  for  the  purpose  of  supplying  human 
milk  no  attention  need  l)e  paid  to  the  age  of  their  infants, 
as  the  milk  does  not  change  greatly  in  composition  after 
the  first  month  until  the  end  of  the  lactation  period.  The 
woman  should  be  in  good  health.  She  should  be  free  from 
tuberculosis  and  syphilis.  She  should  be  cleanly  in  her 
habits  and  her  own  baby  should  be  thriving,  this  being 
a  good  indication  of  the  cpiality  of  her  milk.  It  is  inuna- 
teiial  Avhethei  she  be  while  or  black,  as  biological  charac¬ 
teristics  are  not  transmitted  by  way  of  the  milk.  Colored 
women  are  more  likely  to  ha\'e  an  abundant  supply  of 
milk  than  w'hite.  On  the  other  hand,  they  are  more  likely 

to  have  poor  diets  so  that  the  milk  mav  be  deficient  in 
quality. 
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The  wet  nurse  needs  careful  training  in  methods  of  col¬ 
lecting  milk  witliout  contamination.  When  collected  for 
distributing  centers,  the  centers  provide  sterile  containers; 
the  collected  milk  is  pooled,  sterilized,  and  desiccated  or 
frozen  to  preserve  it. 

Manual  or  Mechanical  Expression  of  Milk  from  the  Breast 

A  number  of  conditions  occur  in  which  it  is  necessary 
or  desirable  to  express  the  milk  from  the  breasts.  Coin- 
plete  emptying  of  the  breasts  is  the  best  stimulus  to  milk 
secretion,  and  when  the  infant  is  unable  to  drain  the  breasts 
because  of  weakness  or  mechanical  defects,  forcible  ex¬ 
pression  of  the  milk  often  serves  to  maintain  or  to  increase 
the  amount  of  secretion.  It  is  particularly  during  the 
early  weeks  of  the  infant’s  life  that  mechanical  expression 
of  the  milk  is  indicated. 

When  the  nipples  are  fissured  or  infected  the  infant 
should  not  be  nursed,  but  the  milk  should  be  drawn  off. 
Mechanical  emptying  of  the  breasts  is  also  sometimes  in¬ 
dicated  in  the  case  of  engorged  or  caked  breasts.  The  milk 
of  a  wet  nurse  is  usually  expressed  for  the  purpose  of  feed¬ 
ing  infants. 

Milk  may  be  expressed  manually  or  by  the  use  of  a  va¬ 
riety  of  mechanical  appliances.  Manual  expression,  when 
properly  performed,  is  very  effective,  and  the  technique  is 
not  difficult.  The  principle  of  manual  expression  is  to 
empty  the  milk  sacs  which  hold  the  accumulated  secretion. 
These  sacs  lie  helimd  the  nipples  so  that  mere  pulling, 
squeezing,  or  strij^ping  of  the  nipple  is  not  sufficient.  The 
proper  technique  is  for  the  mother  to  grasp  the  breast 
about  an  inch  and  a  half  from  the  nipple  with  the  fingers 
below  and  the  thumb  above.  Firm  pressure  is  then  made 
backward  against  the  lireast  and  with  the  hand  in  this 
position  the  fingers  and  thumb  are  brought  together  forci¬ 
bly.  This  motion  should  be  repeated  from  60  to  100  times 
a  minute.  The  fingers  should  not  be  allowed  to  slip  for¬ 
ward  on  the  skin.  The  milk  is  caught  in  a  sterilized  glass. 
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which  is  held  in  the  other  liand.  The  glass  need  not  touch 
the  breast,  as  the  milk  is  forced  out  in  streams  to  a  consi  - 
erable  distance.  A  mother  who  is  skillful  in  the  manua 
expression  of  milk  can  often  remove  a  considerable  amount 
of  milk  from  the  breast  after  the  infant  has  obtained  all 

that  he  can. 

Breast  pumps  are  of  several  varieties.  The  common 
glass  type  with  collapsible  rubber  bidb  is  not  veiy  efficient 
and  its  use  is  often  painful.  Electrical  or  water  piessuie 
pumps  are,  however,  very  effective.  Ihe  electrical  bieast 
pump  has  found  wide  use,  especially  in  hospital  piactice. 
The  principle  is  that  of  an  intermittent  sucking  motion, 
the  funnel  placed  at  the  breast  being  of  such  shape  that 
compression  of  the  milk  sacs  occurs  coincident  with  the 
suction. 

An  effective  and  inexi)ensive  pump  is  one  that  uses  water 
power  for  suction.  A  water  suction  pump  is  attached  to 
any  convenient  faucet.  The  receptacle  for  milk  collection 
is  equipped  with  a  three-hole  stopper  with  appropriate 
tubing.  One  tube  (mnnec-ts  with  the  water  pump,  another 
with  the  funnel  placed  at  the  breast  and  the  third  is  used 
to  make  the  pressure  intermittent  by  closing  and  opening 
at  appropriate  intervals. 


CHAPTER  XII 

ARTIFICIAL  FEEDING 

General  Considerations  ^ 

When  an  infant  is  deprived  of  linnian  milk,  the  natnyal 
substitute  is  milk  from  some  other  species.  Cow’s  milk  is 
nsnally  employed  in  tins  country,  but  the  milk  of  goats  or 
other  animals  is  occasionally  nsed.  Also,  infants  may  be 
fed  snccessfnlly  with  mixtures  containing  no  milk, 

Tlie  milk  of  eacli  species  differs  from  that  of  others  in 
relative  amounts  of  organic  and  mineral  constituents, 
caloric  value,  physical  properties,  and  degree  of  digesti¬ 
bility.  If  one  has  a  knowledge  of  the  nutritional  require¬ 
ments  and  the  digestive  capacity  of  the  infant,  it  is  pos¬ 
sible  to  prepare  feedings  from  cow’s  milk  or  from  the  milk 
of  some  other  species  which  meet  all  of  the  requirements 
and  wliich  are  within  the  limits  of  cai)acity  of  the  infant’s 
digestion.  It  is  also  possil)le  to  render  the  feedings  free 
from  harmfnl  l)acteria  by  sterilization.  In  the  imepara- 
tion  of  artificial  feedings,  tlie  chance  exists  that  some  es¬ 
sential  constituent  of  the  diet  may  not  be  present  in  ade¬ 
quate  amount  or  that  bacterial  contamination  may  occnr 
after  tlie  feedings  have  lieen  prei:)ared. 

The  earliest  attempts  at  infant  feeding  consisted  merely 
in  the  giving  of  cow’s  milk  or  the  milk  of  some  other  animal 
in  such  amounts  as  the  infant  would  take.  It  was  found 
that  some  infants  could  be  reared  successfully  in  this  way, 
but  many  succumbed  to  gastrointestinal  infections  oi  nntii- 
tional  disturbances.  Most  of  the  high  mortality  among 
artificially  fed  infants  in  the  past  has  undoubtedly  been 
due  to  bacterial  contamination  of  the  food.  Before  the  ad¬ 
vent  of  modern  methods  of  milk  production  and  preserva¬ 
tion,  mnch  of  the  milk  obtainable  was  badly  contaminated, 
especially  during  the  warmer  seasons  of  the  year.  The 
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importance  ot  bacterial  contaiuination  ot  milk  bas  lieen 

api^reciiitGcl  only  eoinpanitively  iGCCiitl^.  ^  ^ 

Failure  of  infants  to  do  well  when  artificially  fed  was 
originally  believed  to  be  due  primarily  to  differences  in 
the  composition  of  cow’s  milk  as  compared  with  human 
milk  which  rendered  it  indigestible  and  otherwise  unsuit¬ 
able  for  the  needs  of  the  infant.  Attempts  at  the  modifica¬ 
tion  of  milk  by  dilution  or  the  addition  of  various  sub¬ 
stances  met  with  relatively  little  success  until  the  factor 
of  bacterial  contamination  was  considered  and  methods 
were  adopted  to  insure  the  absence  of  harmful  bacteiia. 
It  was  found  when  infants  were  fed  milk  obtained  under 
sanitary  precautions  and  used  fresh,  that  good  results 
were  obtained  in  a  much  larger  proportion  of  cases  than 
when  unclean  and  carelessly  liandled  milk  was  used.  Sub¬ 
sequently  it  was  found  tliat  boiled  milk  was  better  toler¬ 
ated  even  than  clean  raw  milk,  but  that  many  infants  fed 
clean,  boiled  cow’s  milk  without  other  modification  did  not 
thrive  so  well  as  those  fed  human  milk. 

Many  attempts  have  been  made  to  explain  the  causes  of 
failure  in  the  case  of  artificially  fed  infants.  Almost  every 
constituent  of  cow’s  milk  has  been  incriminated  as  the  caus¬ 
ative  factor  in  explaining  this  difference.  The  underlying 
idea  of  the  earlier  methods  of  modifying  milk  for  infant 
feeding  was  that  some  constituent  was  harmful  and  must 
be  reduced  in  amount  or  removed.  This  concept  culminated 
in  the  comprehensive  system  of  Rotch,  usually  referred  to 
as  the  “percentage  method”  of  feeding.  The  theoretical 
basis  of  this  system  was  that  the  nutritional  disturbances 
of  artificially  fed  infants  resulted  from  the  harmful  effects 
of  either  fat,  carbohydrate,  or  protein ;  that  an  excess  of 
any  one  of  these  components  caused  characteristic  disturb¬ 
ances;  and  that  the  remedy  lay . in  the  reduction  of  the 
harmful  component  or  components  in  the  diet.  Reduction 
of  protein  was  effected  by  dilution  of  the  milk,  the  fat  and 
sugar  contents  being  restored  liy  additions  of  cream  and 
milk  sugar.  The  appearance  of  certain  symptoms  called 
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for  reduction  of  either  the  sugar  or  fat,  in  addition  to  re¬ 
duction  of  protein.  Fat  alone  was  reduced  by  removal  of 
the  top  portion  of  the  milk.  In  intelligent  hands  such  meth¬ 
ods  of  modification  of  milk  have  led  to  successful  feeding 
results,  hut  all  too  often  misinterpretation  of  symptoms 
has  resulted  in  a  reduction  of  the  food  constituents  to  a 
point  below  the  nutritional  needs  of  the  infant,  and  as  a 
consequence  infants  have  been  fed  digestible  but  insufficient 
food. 

It  has  long  been  known  that  the  curds  produced  by  the 
action  of  acid  or  rennin  on  cow’s  milk  are  larger  and 
tougher  than  those  from  human  milk  and  this  is  generally 
believed  to  be  one  of  the  factors  in -rendering  cow’s  milk 
less  digestible.  Dilution  of  the  milk  with  water  leads  to 
smaller  curd  formation.  Dilution  with  cereal  gruels  or 
lime  water  is  more  effective  still  in  reducing  the  size  of  the 
curds.  Heating  of  the  milk  to  high  temperatures  changes 
the  physical  properties  of  the  casein  so  that  the  curds  pro¬ 
duced  are  smaller. 

Certain  other  physical  properties  of  cow’s  milk  also  have 
been  implicated  as  factors  in  rendering  it  less  readily  di¬ 
gestible.  Although  cow’s  milk  normally  is  very  slightly 
more  acid  than  human  milk,  much  larger  amounts  of  acid 
are  required  to  bring  it  to  the  same  degree  of  acidity  as  is 
attained  by  human  milk  during  gastric  digestion.  This 
high  “buffer  value”  has  been  considered  to  have  a  retard¬ 
ing  effect  on  gastric  digestion  through  excessive  neutrali¬ 
zation  of  gastric  acid.  In  order  to  overcome  this  effect, 
milk  is  often  modified  by  the  addition  of  various  acids. 
Appropriate  acidification  prevents  the  formation  of  large 
curds  in  the  stomach  and  it  is  probable  that  this  factor  is 
more  important  to  the  infant  than  is  reduction  of  the  buffer 

value. 

In  contradistinction  to  tlie  older  theories  that  cow’s  milk 
contains  an  excess  of  some  harmful  substance,  there  is  the 
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more  recent  viewpoint  that  cow’s  milk  is  deficient  m  cei- 
tain  essential  constituents,  such  as  iron  and  certain  vita- 

mins. 

AYithont  question,  all  of  the  theories  which  have  been 
advanced  to  explain  the  relative  unsuitability  of  cow’s  milk 
for  the  feeding  of  the  human  infant  contain  certain  ele¬ 
ments  of  truth,  and  every  attempt  at  modification  based 
upon  the  various  theories  has  served  to  increase  our  knowl¬ 
edge  of  the  nutritional  needs  and  digestive  functions  of 
the  infant  and  has  brought  us  nearer  to  the  solution  of 
the  problem  of  satisfactory  artificial  feeding.  There  is  no 
one  method  of  artificial  feeding  which  is  the  only  correct 
one.  Infants  may  be  fed  artificially  in  a  variety  of  ways 
and  good  results  obtained.  On  the  other  hand,  any  system, 
unintelligently  used,  results  in  numerous  failures.  No  mat¬ 
ter  what  method  is  used  for  the  preparation  of  the  formu¬ 
las,  certain  essential  requirements  must  be  fulfilled. 


The  Requirements  of  a  Satisfactory  Artificial  Feeding 


The  nutritional  requirements  of  the  infant  are  fairly 
definitely  known  and  the  capacity  of  the  infant  to  digest 
the  various  food  components  either  singly  or  in  combina¬ 
tion  is  also  known.  The  effects  of  bacteria  introduced  by 
way  of  the  milk  are  understood,  as  are  the  methods  for 
rendering  the  milk  free  from  harmful  bacteria. 

With  our  present  knowledge  it  is  possible  to  formulate 
the  essential  requirements  of  satisfactory  artificial  feed¬ 
ing,  as  follows: 


1.  Sufficient  calories. 

2.  Sufficient  protein,  carbohydrate,  fat,  mineral  salts, 
water,  and  vitamins. 

3.  Absence  of  harmful  bacteria. 

4.  Easy  digestibility. 


Any  foim  of  food  that  meets  the  above  requirements 
N\ill  be  successful,  whether  it  be  prepared  from  cow’s  milk 
or  human  milk,  whether  it  be  prepared  from  fresh  liquid 
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milk  or  from  evaporated  or  dried  milk,  whether  it  he  sweet 
or  sour,  and  whether  or  not  there  he  any  milk  at  all  present. 
It  will  make  little  difference  whether  the  basis  of  the  diet 
be  a  projorietary  food  obtained  from  the  drugstore  or  simply 
milk  and  sugar  obtained  from  the  grocery  store.  Good  re¬ 
sults  may  be  obtained  provided  only  that  all  of  the  above 
requirements  are  met.  Failure  to  meet  any  one  of  these 
requirements  will  result  in  failure  of  the  feeding  as  a  whole. 

Only  too  often,  a  food  which  is  easily  digestible  is  so 
dilute  or  given  in  such  small  quantities  that  insufficient 
calories  are  provided.  Attempts  to  render  the  feeding 
digestible  may  result  in  the  giving  of  too  little  ]Drotein, 
with  consequent  small  gain  in  weight  and  poor  nutritional 
results.  This  is  the  common  fault  of  many  of  the  high- 
carbohydrate  proprietary  foods  which  contain  relatively 
little  milk.  A  formula  suitable  in  respect  to  all  food  con¬ 
stituents  may  be  contaminated  by  harmful  bacteria.  In  the 
effort  to  meet  all  the  requirements,  a  food  may  be  prepared 
which  is  quite  beyond  the  capacity  of  digestion  of  the  in¬ 
fant.  So  much  attention,  however,  has  been  centered  on 
the  digestibility  of  the  food  that  this  error  is  not  one  which 
is  frequently  made. 

If  one  keeps  the  essential  requirements  clearly  in  mind, 
it  is  not  difficult  to  prepare  a  satisfactory  artificial  feeding- 
adapted  to  the  needs  of  the  individual  infant.  A  clear  un¬ 
derstanding  of  these  fundamental  principles  is  also  of  the 
greatest  aid  in  determining  the  causes  of  unsuccessful  feed¬ 
ing.  A  review  of  the  history  of  “difficult  feeding  cases” 
usually  reveals  the  fact  that  previous  feedings  have  failed 
to  meet  one  or  more  of  the  essential  requirements.  Once 
having  determined  the  essential  error  or  errors,  correction 
of  the  discrepancy  may  be  expected  to  remedy  the  feeding 
difficulties.  It  should,  however,  be  pointed  out  that  im¬ 
proper  feeding  is  only  one  of  the  causes  of  the  failiiie  of 
infants  to  thrive.  Only  too  often  1)1  ind  efforts  are  made 
to  find  a  suitable  formula  for  an  infant  who  is  not  thriving 
when  the  real  difficulty  is  organic  disease  or  undiscovered 
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infection.  If  tlie  feeding  is  one  which  meets  all  the  require¬ 
ments,  it  may  he  assumed  confidently  that  some  other  factoi 
is  at  fault  and  a  careful  search  should  be  made  to  determine 
this  disturbing  factor. 

The  requirements  as  to  calories,  i^rotein,  carbohydrate, 
fat,  mineral  salts,  water,  and  vitamins  have  been  considered 
in  detail  in  Chapters  II  to  VII  and  are  summarized  in 
Chapter  VIII. 

Bacterial  Contamination  of  the  Infant’s  Food 

Harmful  bacterial  contamination  of  milk  may  be  pre¬ 
vented  liy  scrupulous  care  in  production,  distribution  and 
liandling.  Certified  milk  is  the  cleanest  form  of  raw  milk 
available  and  is  usually  free  from  harmful  bacterial  con¬ 
tamination.  It  is,  liowever,  safer  in  all  instances  to  sub¬ 
ject  milk  or  milk  formulas  used  for  infant  feeding  to  a 
sufficient  degree  of  heat  to  insure  destruction  of  any  path¬ 
ogenic  organisms.  Pasteurization  of  milk,  when  properly 
carried  out,  is  an  effective  method  of  rendering  it  safe  from 
disease-producing  bacteria.  The  custom  of  boiling  all  milk 
for  infant  feeding  not  only  makes  it  bacteriologically  safe, 
but  alters  favorably  its  buffer  value  and  curd  properties. 
Evaporated  milk  is  sterile  and  dried  milk  is  usually,  though 
not  always,  free  from  harmful  organisms.  The  prepared 
baby  foods  contain  varying  numbers  of  organisms,  depend¬ 
ing  upon  the  care  taken  in  the  processes  of  manufacture. 
Acidification  of  milk  mixtures  to  a  sufficient  degree  results 
in  inhibition  of  bacterial  growth  and  tends  to  prevent  fur¬ 
ther  growth  after  formulas  have  been  prepared. 

For  a  more  detailed  discussion  of  the  bacteria  of  milk 
and  of  the  methods  of  reducing  bacterial  contamination 
see  Chapter  XIII. 

Milk  is  not  the  only  source  of  bacterial  contamination  of 
the  infant’s  food.  Contamination  may  occur  from  the  use 
of  impure  water,  from  lack  of  cleanliness  of  bottles  and 
nipples,  or  from  accessory  foods. 
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Chemical  Contamination  of  the  Formula  Diluent 
(Well  Water  Cyanosis) 

City  water  supplies  may  be  expected  to  be  safe  for  in¬ 
fant  feeding.  Mncli  more  often  than  is  realized  rural  wells 
are  contaminated  by  surface  drainage.  The  lioiling  of  such 
^\ater  should  make  it  bacteriologically  safe  for  infants. 
However,  the  contaminated  water  is  very  likely  to  contain 
nitrates  in  quantities  detrimental  to  young  infants.  The 
nitrates  of  the  water  are  changed  to  nitrites  by  bacteria 
in  the  intestinal  tract.  Nitrites,  when  absorbed,  change 
hemoglobin  to  methemoglobin,  a  change  that  results  in 
cyanosis.  The  greater  the  proportion  of  water  in  the 
formula,  the  greater  the  cyanosis.  Thus,  formulas  pre¬ 
pared  from  evaporated  milk  are  more  likely  to  cause  cya¬ 
nosis  than  those  prepared  from  fresh  milk  because  of  the 
greater  dilution.  Blood  drawn  during  a  period  of  cyanosis 
has  a  peculiar  chocolate  color  that  is  distinctive.  Babies 
recover  spontaneously  within  a  day  or  two  after  use  of 
the  contaminated  water  is  stopped.  When  the  cyanosis  is 
severe  and  alarming,  it  is  desiralile  to  cause  recovery  more 
quickly.  Dramatic  return  to  normal  skin  color  and  appear¬ 
ance  of  the  infant  can  be  produced  by  intravenous  injec¬ 
tion  of  0.15  ml.  for  each  kilogram  (0.07  ml.  for  each  pound) 
of  a  1  per  cent  solution  of  methylene  blue. 

Digestibility  of  Milk  Formulas 

As  discussed  elsewhere  (Chapters  IX,  XI,  and  XIII)  raw 
cow’s  milk  is  less  readily  digested  by  the  infant  than  is 
human  milk.  Cow’s  milk  that  has  been  heat-treated  is 
more  readily  digestible  than  raw  milk.  Heat  treatment 
of  milk  alters  both  the  buffer  value  and  the  size  of  the 
casein  curd  resulting  from  the  action  of  acid  and  rennin  in 
the  stomach.  Both  of  these  changes  are  in  the  direction  of 
making  the  milk  more  quickly  digestible.  Boiled,  evapo¬ 
rated,  and  dried  milks  have  a  lowered  buffer  value  and  tend 
to  i^roduce  small  curds  in  the  stomach,  which  are  passed 
from  the  stomach  more  quickly  and  acted  on  l)y  the  diges- 
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tive  juices  more  readily  than  the  coarser  curds  from  raw 
milk.  Milk  appropriately  aciditied  is  more  readily  di- 
o'estible  for  the  same  reasons — the  smaller  curd  and  the 
Towered  buffer  value.  Similarly,  diluted  milk  is  more 
quickly  digested  than  whole  milk.  The  common  procedure 
of  moderately  diluting  boiled  milk  lor  feeding  the  young 
infant  results  in  a  formula  readily  digestible  by  all  healthy 


infants. 

It  seems  desirable  to  make  a  distinction  betveen  speed 
of  digestion  and  ease  of  digestion.  The  various  modifica¬ 
tions  of  milk  discussed  cause  increased  speed  of  digestion, 
but  only  in  the  most  limited  sense  do  they  increase  the  ease 
of  digestion.  Except  for  the  passage  of  casein  curds  in  the 
stools,  never  encountered  with  milk  heated  to  boiling  tem¬ 
perature,  protein  is  completely  digested  before  the  lower 
colon  is  reached,  regardless  of  the  method  of  modification. 
The  methods  of  modification  discussed,  except  dilution, 
affect  only  the  casein  as  far  as  digestion  is  concerned.  Thus 
we  are  not  concerned  with  incompleteness  of  protein  diges¬ 
tion,  but  rather  with  the  sjieed  with  which  the  stomach 
empties  and  with  the  orderliness  of  intestinal  digestion. 
Food  which  remains  in  the  digestive  tract  of  the  infant 
when  digestion,  for  any  reason,  is  proceeding  with  unusual 
slowness  is  subject  to  excessive  bacterial  decomposition — 
a  condition  that  readily  leads  to  “indigestion”  with  gas¬ 
trointestinal  symptoms. 

It  is  not  possible  to  state  precisely  how  much  cow’s  milk 
the  infant  can  digest  without  symptoms  of  indigestion,  nor 
is  it  possible  to  state  accurately  the  relative  digestibility  of 
milk  modified  in  the  various  customary  manners.  From 
clinical  and  laboratory  investigation,  however,  it  may  be 
stated  in  very  general  terms  that  boiled  whole  milk  re¬ 
quires  approximately  two  or  three  times  as  long  to  digest 
as  human  milk,  and  milk  diluted  to  one-third  or  one-haTf  is 
about  as  quickly  digested  as  human  milk.  Acidified  whole 
milk  approximates  human  milk  in  speed  of  digestion.  The 
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same  may  be  said  of  reconstituted  evaporated  and  dried 
milks,  particularly  if  appropriately  acidified. 

The  capacity  of  the  infant  to  digest  cow’s  milk  without 
symptoms  of  indigestion  varies  greatly  with  age  and  physi¬ 
cal  condition,  as  well  as  with  the  character  of  the  previous 
feedings.  Infants  who  have  been  fed  cow’s  milk  from  an 
early  age  become  accustomed  to  it  and  are  able  to  digest 
moie  than  infants  who  previously  have  received  only  hu¬ 
man  milk.  The  greater  the  dilution  of  boiled  whole  milk, 
the  more  readily  is  it  digested.  However,  extreme  dilution 
not  only  is  unnecessary  but  does  not  allow  an  adecpiate  food 
intake.  By  four  months  of  age  a  baby  usually  will  take 
milk  diluted  only  one-third  or  one-fourth,  and  by  seven  or 
eight  months  most  babies  can  take  undiluted  boiled  whole 
milk.  Acidified  milk  can  be  given  undiluted,  if  desired, 
from  the  beginning,  as  may  also  other  modifications  with 
similar  properties.  Skimmed  or  partially  skimmed  milk 
may  be  expected  to  leave  the  stomach  more  quickly  than 
whole  milk. 

Preference  of  the  Infant  for  Various  Types  of  Formulas 

Clara  Davis  has  studied  the  ^preferences  among  infants 
for  feeding  mixtures.  Infants  in  institutions  were  offered 
in  rotation  at  each  feeding  SAveet  milk  feedings  of  two 
dilutions  and  acid  milk  feedings.  The  order  of  rotation 
was  changed  at  each  feeding.  The  amounts  of  each  type 
of  food  ingested  were  recorded  and  the  data  analyzed.  The 
infants  less  than  one  month  of  age  preferred  the  SAveet 
milk  feedings,  older  infants,  the  acid  milk  feedings.  The 
dilute  feedings  apparently  A\we  the  least  liked. 


CHAPTER  XIII 


COMPOSITION  AND  CHARACTER  OF  COW  S 

MILK 


All  cow’s  milk  is  not  tlie  same.  The  chief  variations  aie 
in  the  fat  content  and  in  the  number  and  character  of  con¬ 
taminating  microorganisms.  The  milk  from  Holstein  cat¬ 
tle  is  somewhat  more  dilute  than  the  milk  of  such  bieec  s 
as  Jersey  and  Guernsey.  The  high  fat  content  of  the  lat¬ 
ter  is  somewhat  excessive  for  infant  feeding.  Some  in¬ 


dividual  variation  exists  in  the  milk  of  cows  of  the  same 
breed  and  of  the  same  cow  at  different  times.  The  mixed 
milk  from  a  herd  is  far  more  uniform  in  composition  than 
the  milk  from  a  single  cow.  Furthermore,  the  effect  of 
any  deleterious  changes  in  the  milk  of  any  one  cow  in  the 
herd  is  minimized  by  dilution  of  this  milk  with  that  of  the 
remainder  of  the  herd.  Milk  which  is  distril)uted  by  large 
dairies  in  cities  is  usually  more  uniform  than  country  milk 
or  milk  from  small  dairies  because  of  the  fact  that  it  is 
“standardized”  to  a  definite  fat  content,  which  is  often 
just  a  trifle  above  the  minimum  legal  ret[uirement.  The 
amounts  of  the  other  components  of  milk,  the  protein, 
sugar,  and  mineral  salts,  are  remarkably  constant.  The 
average  percentage  composition  of  Holstein  and  Jersey 
milks  is 


Fat 

Holstein 

3.5 

Jersey 

5.0 

Lactose 

4.6 

4.9 

Protein 

3.2 

3.8 

Ash 

0.7 

0.8 

AVater 

88.1. 

85.4 

Details  as  to  composition  of  average  milk  are  given  in 
Table  IV,  page  158.  The  average  energy  value  of  cow’s 
milk  is  20  calories  to  the  ounce,  or  670  calories  to  the  liter. 
Holstein  milk,  often  used  in  infant  feeding,  has  an  energy 
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value  of  approximately  18.5  calories  to  tlie  ounce,  or  630 
calories  to  the  liter. 

The  chemical  composition  of  the  fat  of  cow’s  milk  differs 
from  that  of  human  milk  in  that  it  contains  a  larger  pro¬ 
portion  of  the  glycerides  of  the  volatile  fatty  acids  and  less 
linoleic  acid  which  is  essential  for  many  species. 

In  general,  the  fat  of  cow’s  milk  is  somewhat  less  com¬ 
pletely  absorbed  from  the  gastrointestinal  tract  and  is 
somewhat  more  likely  to  produce  gastrointestinal  irritation 
than  an  equal  amount  of  the  fat  of  human  milk.  (See 
Chapter  V  for  further  discussion.) 

The  sugar  of  cow’s  milk  is  identical  chemically  with  the 
lactose  of  human  milk,  although  the  total  amount  present 
is  less. 

The  protein  of  cow’s  milk  is  mostly  (85  per  cent)  casein, 
the  remainder  l^eing  whey  protein  (lactalbumin  and  lacto- 
globulin).  The  characteristics  of  these  two  proteins  have 
been  considered  elsewhere.  (See  Chapters  III,  IX,  and 
XIL) 

The  mineral  constituents  of  cow’s  milk  are  more  abun¬ 
dant  than  those  of  human  milk  and  exist  in  different  pro¬ 
portions.  Cow’s  milk  contains  more  calcium,  magnesium, 
and  phosphorus  and  less  iron  than  human  milk.  (See  Table 
IV,  p.  158.  Also  Chapter  VI.) 

The  vitamin  content  of  cow’s  milk  is  discussed  in  detail 
in  Chapter  VII  and  summarized  in  Table  IV,  page  158. 
Milk  contains  sufficient  vitamin  A  and  riboflavin  to  meet 
the  requirements  of  the  infant.  The  amount  of  thiamine 
y3resent  in  fresh  milk  or  in  milk  qiiickk  boiled  and  cooled 
is  usually  adequate  to  meet  minimum  needs.  Prolonged 
lieat  treatment  of  milk  is  destructive  to  thiamine,  and  milk 
so  treated  may  contain  only  sufficient  thiamine  to  pi  event 
clinical  evidence  of  deficiency.  Milk  is  a  pooi  soiiice  of 
nicotinic  acid,  but  obviously  it  contains  enough  to  lu'event 
pellagra.  The  amount  of  ascorl)ic  acid  in  pasteurized  or 
quickly  boiled  milk  may  be  expected  to  be  sufficient  to 
prevent  scurvy,  but  only  just  enough,  and  tlie  amount 
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present  under  tlie  best  conditions  is  less  than  is  considered 
desirable  for  optimmn  nutrition.  The  amount  ''itai 
D  in  unfortified  milk  is  so  small  as  to  be  practically  ne^ 


aible  in  relation  to  the  infant’s  needs. 

The  buffer  value  of  cow’s  milk,  that  is,  the  capacity 

to  absorb  considerable  cpiantities  of  acid  and  alkali  with 
out  significant  change  in  chemical  reaction,  is  much  highei 
than  that  of  human  milk.  It  is  necessary  to  add  appioxi- 
niately  three  times  as  much  acid  to  cow’s  milk  in  order 
to  bring  it  to  the  optimum  point  for  gastric  digestion  as  in 
the  case  of  human  milk. 


The  Enzymes  of  Milk 

Kaw  cow ’s  milk  always  contains  a  number  of  enzymes  of 
various  types.  Some  of  these  are  proteolytic,  resembling 
either  trypsin  or  pepsin  in  their  action.  Carbohydrate¬ 
splitting  and  fat-splitting  enzymes  also  are  present  as  well 
as  oxidizing  and  reducing  enzymes.  There  is  a  question  as 
to  whether  these  enzymes  are  natural,  normal  constituents 
of  the  milk  or  whether  they  are  derived  from  the  bacteria 
present.  The  enzymes  in  question  exist  in  too  small  quanti¬ 
ties  to  be  of  any  practical  significance  in  the  subsequent 
digestion  of  milk  by  the  infant.  They  are  all  destroyed  by 
heating  and  this  destruction  does  not  make  the  milk  any 
less  digestible. 


Miscellaneous  Constituents  of  Milk 

Cow’s  milk  occasionally  contains  substances  capable  of 
causing  disturbances  in  tliose  drinking  the  milk.  When 
cows  are  first  turned  out  to  pasture  in  the  spring,  and  over¬ 
eat,  the  milk  occasionally  causes  gastrointestinal  disturb¬ 
ances  in  infants.  Certain  poisonous  plants  may  be  eaten  by 
cows,  the  most  dangerous  of  which  is  probably  snakeroot. 
The  harmful  substance  is  secreted  into  the  milk  and  gives 
rise  to  the  disease  known  as  “milk  sickness.”  Epidemics 
of  milk  sickness  are  mostly  seen  toward  the  end  of  a  dry 
summer  when  the  grazing  has  l)ecome  poor  and  cows  in¬ 
gest  plants  which  ordinarily  they  would  not  eat. 


194 


INFANT  NUTRITION 


Bacteriology  of  Cow’s  Milk 


4 lie  bacteria  of  cow’s  milk  vary  in  character  and  nuni- 
bei,  depending  upon  the  presence  or  absence  of  mastitis  and 


the  conditions  under  which  the  milk  is  produced  and  kept 
before  use.  Freshly  collected  milk  contains  relatively  few 
bacteria  (100  to  1000  to  the  cubic  centimeter).  Milk,  how¬ 
ever,  is  an  excellent  culture  medium  for  most  bacteria  so 
that  such  microorganisms  as  may  be  accidentally  intro¬ 
duced  multiply  rapidly  unless  the  milk  is  kept  at  a  low 
temperature.  Milk  is  easily  contaminated  by  stable  dirt, 
unclean  utensils,  or  the  hands  of  milkers. 

When  milk  is  produced  under  clean  conditions,  kept  at 
temperatures  below  50°  F.  during  transportation,  and  de¬ 
livered  to  the  consumer  without  unnecessary  delay,  the 
bacterial  count  ordinarily  varies  from  10,000  to  50,000  to 
the  cubic  centimeter.  Properly  sanitated  milk  having  a 
bacterial  count  of  less  than  50,000  is  ordinarily  considered 
of  good  quality.  Milk  which  has  not  been  obtained  under 
clean  conditions,  or  Avhich  has  not  been  cared  for  prop¬ 
erly,  may  have  a  bacterial  count  of  several  million  on 
delivery.  The  bacterial  count  of  milk  serves  as  an  indica¬ 
tion  of  the  care  taken  in  its  production.  Milk  with  a  high 
bacterial  count  is  not  necessarily  harmful  to  health  as  the 
liacterial  flora  may  be  entirely  innocuous.  On  the  other 
hand,  milk  may  have  a  low  bacterial  count,  but  contain 
pathogenic  organisms  and  therefore  be  unsuitable.  In  gen¬ 
eral,  milk  with  a  high  bacterial  count  is  likely  to  con¬ 
tain  numerous  types  of  organisms,  some  of  which  may  lead 
to  serious  digestive  disturbances.  It  has  been  shown  by 
actual  statistics  that  infants  fed  market  milk  of  low  bac¬ 
terial  counts  are  less  subject  to  gastrointestinal  diseases 
than  those  fed  milk  with  high  bacterial  counts. 

In  general,  the  bacteria  of  milk  fall  into  thiee  main 
groups : 


1.  Harmless,  Lactic  Acid  Producing  Organisms.— These, 
under  ordinary  conditions,  make  up  well  over  90  per  cent 
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of  the  total  bacterial  flora  of  raw  milk,  included  in  this 
o-roiip  are  the  Lactobacillus  acidophilus,  Laetobacillus  biil- 
sariciis,  Streptococcus  lactis,  Streptococcus  faecahs,  an 
Aerobacter  aerogenes.  Strains  of  the  colon  bacillus  o 
bovine  origin,  growing  in  a  medium  neb  m  sugai,  oic  i- 
narily  produce  only  lactic  acid  and  other  harmless  prod¬ 
ucts;  other  strains,  however,  growing  under  different  con¬ 
ditions,  may  produce  harmful  products.  The  harmless  acid 
producers,  when  growing  in  milk,  tend  to  overgrow  other 
types  of  organisms  because  of  the  fact  that  as  a  gioup  they 
are  more  resistant  to  the  acid  they  produce  than  are  most 


pathogenic  bacteria. 

2.  Harmful  Saprophytic  Bacteria.— These  organisms  de¬ 
compose  milk  to  form  products  which  are  capable  of 
causing  gastrointestinal  disturbances.  Tt  is  not  necessary 
that  the  organism  invade  the  body  and  cause  specific  in¬ 
fectious  disease.  IMaiiy  of  the  organisms  of  this  type  have 
marked  proteolytic  ])roijerties.  Examples  of  this  group 
are  certain  strains  of  Escherichia  coli,  T>.  fecalis  al- 
kaligenes.  Salmonella  enteritidis,  B.  lactis,  and  certain 
spore  bearers,  including  the  gas  bacillus. 

Among  the  harmful  saprophytes  should  probably  be  in¬ 
cluded  certain  cryoflora  or  organisms  which  grow  only  at 
very  low  temperatures;  and  which  in  consequence  develop 
in  frozen  milk.  The  products  of  the  growth  of  these  organ¬ 
isms  are  believed  to  be  one  of  the  factors  in  causing  the 
gastrointestinal  disturbances  sometimes  observed  when  in¬ 
fants  are  fed  milk  which  has  been  frozen.  The  offend¬ 
ing  substances,  however,  seem  to  be  destroyed  in  greater 
part  by  subsequent  boiling  of  the  milk. 

3.  Pathogenic  Organisms.  -Included  in  the  group  of  or¬ 
ganisms  cai)able  of  ])roducing  specific  infectious  disease 
E.  typhosa,  S.  paratyphi,  Shigella  dysenteriae,  M.  tu¬ 
berculosis,  Coryneliacterium  diphtheriae,  the  Brucella 
group,  and  hemolytic  streptococci. 
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In  raA\  milk  organisms  of  the  lactic-acid  group  usually 
glow  lapidly  and  greatly  outnumber  all  other  types — in¬ 
deed,  the  numhers  of  the  latter  may  diminish  or  they  may 
almost  completely  disappear  when  a  certain  degree  of 
acidity  is  reached.  For  this  reason,  milk  which  tastes  sweet 
may  contain  more  harmful  organisms  than  milk  which  is 
definitely  sour.  When  milk  is  pasteurized  most  of  the 
lactic-acid  producing  organisms  are  killed,  whereas  certain 
proteolytic  spore  hearers  survive.  When  pasteurized  milk 
is  poorly  refrigerated,  the  growdh  of  putrefactive  organisms 
is  not  greatly  checked  hy  acid  production,  so  that  spoiled 
pasteurized  milk  may  he  more  dangerous  than  sour  raw’ 
milk. 

The  bacteria  present  in  milk  are  not  evenly  distributed. 
They  tend  to  become  attached  to  the  fat  globules  so  that 
the  cream  often  has  a  higher  bacterial  count  than  the  re¬ 
mainder  of  the  milk.  This  is  especially  true  of  gravity 
cream.  When  cream  is  sejiarated  by  centrifugalization,  the 
bacteria  tend  to  be  thrown  dowm  in  the  sediment. 

Methods  for  Reduction  of  the  Bacterial  Count  of  Milk 

Milk  intended  for  infant  feeding  should  be  free  from 
pathogenic  bacteria  and  from  potentially  harmful  sapro¬ 
phytes.  There  are  several  methods  by  which  the  harm¬ 
ful  organisms  in  milk  may  be  reduced  in  number  or  elimi¬ 
nated  : 

1.  Prevention  of  contamination. 

2.  Heat  treatment  to  destroy  such  organisms  as 
accidentally  may  have  gained  entrance. 

3.  Acidification. 

4.  Use  of  preservatives. 

It  has  been  showm  that  if  extraordinary  precautions  are 
taken  in  the  production  of  milk,  contamination  with  harm¬ 
ful  bacteria  is  unlikely  to  occur.  Milk  produced  undei  the 
strictest  sanitary  conditions,  knowm  as  ccTtifisd  inillv,  can 
usually  be  depended  upon  to  be  safe  from  the  bacterio- 
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logical  stanilpoiiit.  Destruction  of  liannful  or 
harmful  organisms  by  heat  of  varying  degrees  is  a  safei 
means  of  insuring  against  bacteria.  The  application  of 
a  moderate  degree  of  heat,  known  as  pasteurization,  de¬ 
stroys  practically  all  known  pathogenic  organisms  and  over 
90  per  cent  of  all  organisms  present  in  milk.  Boiling  o 
milk  effects  a  more  nearly  complete  sterilization  than  pas¬ 
teurization,  but  alters  tlie  taste  of  tlie  milk  more.  Auto¬ 
claving  the  milk  at  temperatures  above  the  boiling  point,  as 
in  the  preparation  of  unsweetened  evaporated  milk,  brings 
about  complete  sterilization.  The  drying  of  milk  has  rela¬ 
tively  little  effect  in  reducing  the  number  of  bacteria  below 
that  in  the  pasteurized  milk  from  which  it  is  prepared. 

Acidification  of  milk,  by  implanting  it  with  active  or¬ 
ganisms  producing  lactic  acid  or  by  tlie  addition  of  a  suf¬ 
ficient  amount  of  acid,  renders  it  a  poor  culture  medium  for 
most  pathogenic  bacteria. 

Chemical  preservatives  such  as  formaldehyde,  benzoic 
acid,  or  hydrogen  peroxide  have  been  used  occasionally  to 
lower  the  bacterial  content  of  milk.  The  use  of  such  pre¬ 
servatives  is  very  generally  prohibited  by  law,  although  it 
is  doubtful  whether  the  small  amounts  of  preservatives 
necessary  for  the  purpose  are  really  harmful. 


Certified  Milk 

Certified  milk  is  the  purest  form  of  raw  milk  obtainable. 
It  is  produced  in  accordance  with  regulations  prescribed 
by  the  American  Association  of  ]\[edical  Milk  Commissions. 
The  regulations  require  that  the  barns  in  which  the  cattle 
are  milked  shall  be  of  such  construction  that  they  may  be 
easily  cleaned,  that  they  be  screened  and  that  there  be  ade¬ 
quate  ventilation.  The  cows  must  all  be  tuberculin  tested 
at  regular  intervals  and  must  be  free  from  other  diseases 
as  determined  by  veterinary  examination.  The  milkers 
must  be  free  from  disease  and  milking  must  be  done  with 
scrupulous  care  as  to  cleanliness.  After  drawing,  the  milk 
must  be  cooled  immediately  to  below  45°  F.  and  kept  below 
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this  temperature  until  delivered.  The  milk  must  be  bottled 
at  the  dairy  and  must  at  the  time  of  delivery  contain  less 
than  10,000  bacteria  to  the  milliliter. 

C'ertihed  milk  is  necessarily  expensive,  and  even  with 
the  extreme  ])recautions  used  in  the  production  of  certified 
milk,  contamination  is  2)ossible.  It  should,  therefore,  be 
boiled  before  being  used  for  infant  feeding.  At  one  time 
certified  milk  was  fhe  only  really  clean  milk  obtainalile  in 
cities,  and  was  consequently  largely  used  for  infant  feeding. 
With  the  improvement  of  the  general  milk  supply,  the  al¬ 
most  universal  introduction  of  pasteurization,  and  the 
availability  of  sterile  preserved  milk,  the  need  for  certified 
milk  is  not  so  great. 

Pasteurized  Milk 

Pasteurization  consists  of  heating  every  particle  of  the 
milk  to  at  least  143°  F.  and  holding  at  this  temperature  for 
30  minutes,  or  heating  every  particle  to  160°  F.  and  main¬ 
taining  this  temperature  for  15  seconds.  It  is  then  cooled 
and  kept  cold  until  delivery.  Failure  to  keep  the  milk  cold 
permits  the  growth  of  the  thermophile  organisms  not  killed 
by  pasteurization. 

It  is  possible  to  pasteurize  milk  only  when  it  is  reason¬ 
ably  fresh,  as  milk  which  is  sour  is  curdled  by  the  pasteuri¬ 
zation  process.  When  pasteurization  is  properly  carried 
out  and  the  milk  is  protected  against  subsequent  contami¬ 
nation,  harmful  bacteria  are  not  present.  If  the  pasteuriz¬ 
ing  process  is  incomplete,  the  temperature  being  too  low  or 
the  milk  not  being  held  at  the  required  temperature  for  a 
sufficient  length  of  time,  pathogenic  bacteria  may  escape 
destruction.  Furthermore,  unless  care  is  taken  in  the 
cleanliness  of  the  pipe  lines  and  bottles,  contamination 
subsequent  to  pasteurization  may  occur.  In  general, 
pasteurized  milk  is  far  safer  than  ordinary  grades  of  lav 
milk,  and  properly  pasteurized  milk  is  as  safe  as  certified 
milk.  It  should,  however,  be  boiled  before  being  fed  to 
voung  infants.  Pasteurization  of  milk  affects  the  taste 
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sliglitly,  but  not  to  the  same  extent  as  boiling.  The  heatm„ 
causes  some  precipitation  of  insoluble  calcium  phosphate, 
but  this  loss  is  of  no  practical  importance.  Pasteurization 
may  be  expected  to  cause  a  loss  of  approximately  10  pei 
cent  of  the  thiamine  and  one-third  of  the  ascorbic  acid  o 

the  milk.  „ 

Milk 


Boiling  of  milk  serves  much  the  same  purpose  as  pasteur¬ 
ization,  but  is  somewhat  more  effective  in  destroying  such 
organisms  as  may  be  present.  Boiling  also  destroys  the 
true  bacterial  toxins.  Boiling  of  milk  for  from  one  to  three 
minutes  is  sufficient  to  render  it  safe  from  the  standpoint 
of  its  bacterial  content.  Boiling  affects  the  taste  of  milk 
and  also  causes  the  formation  of  a  scum  on  the  surface 
which  consists  of  coagulated  lactalbiimin,  calcium  phos¬ 
phate,  and  a  few  enmeshed  fat  globules.  The  scum  formed 
on  the  milk  contains  very  little  of  value  from  tlie  standpoint 
of  nutrition  and  should  be  removed  before  the  milk  is  fed. 
Boiling,  like  pasteurization,  leads  to  some  precipitation  of 
calcium  phosphate  and  to  the  destruction  of  a  portion  of 
vitamins  Bi  and  C,  but  vitamin  C  may  easily  lie  supplied 
by  the  addition  of  orange  juice  or  tomato  juice.  Boiled 
milk  is  more  readily  digestible  than  raw  milk  because  of 
the  change  in  the  ]diysical  character  of  the  protein.  It  is 
popularly  supposed  that  boiled  milk  is  constipating  in  its 
action,  probably  because  diarrhea  is  less  frequent  in  babies 
who  are  fed  boiled  milk.  In  view  of  the  distinct  advantages 
of  l)oiled  milk,  it  is  advisable  that  all  formulas  prepared 
from  sweet  cow’s  milk,  whether  certified  or  pasteurized,  be 
boiled  before  feeding. 


Soft-Curd  Milks 

It  is  characteristic  of  cow’s  milk  that,  when  treated  Avith 
acid  and  rennin,  its  casein  coagulates  in  a  fairly  firm  mass, 
the  resistance  ot  this  mass  to  a  cutting  edge  is  referred  to 
as  curd  tension.  The  measm-ement  of  curd  tension  has 
been  standardized  in  that  the  method  of  coagulation  and 
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the  type  of  cutting  edge  have  been  prescribed.  The  curd 
tension  is  measured  in  terms  of  grams  required  to  pull  the 
knife  through  the  curd.  The  dividing  line  between  hard 
cuid  and  soft  curd  is  sometimes  placed  at  30  grams,  though 
a  truly  soft-curd  milk  should  have  a  curd  tension  less  than 
20  grams.  Soft-curd  milks  are  advantageous  in  that  they 
produce  a  softer,  finer  curd  in  the  stomach,  and  therefore 
leave  the  stomach  more  quickly  and  are  more  quickly  di¬ 
gested.  This  advantage,  hoAvever,  is  largely  for  the  person 
past  infancy,  since  all  milk  for  infant  feeding  should  be 
boiled,  and  boiling  is  effective  in  reducing  curd  tension 
sufficiently  for  the  milk  to  have  soft-curd  properties. 

Natural  soft-curd  milk  is  milk  that  has  soft-curd  prop¬ 
erties  naturally,  without  being  processed.  Such  milk  owes 
its  soft-curd  property  to  the  lesser  amount  of  total  solids, 
particularly  the  smaller  amount  of  casein.  It  has  no  ad¬ 
vantage  over  ordinary  milk  diluted  to  contain  a  similar 
amount  of  total  solids. 

When  milk  is  homogenized  by  passage  through  a  valve 
at  pressures  of  2500  to  4000  pounds  to  the  square  inch  at 
pasteurizing  temperature,  the  fat  globules  are  broken  up 
and  their  number  is  increased  200  times  or  more.  This  of 
itself  is  of  little  importance  in  digestion.  However,  with 
the  increased  surface  area  of  the  fat,  the  amount  of  protein 
adherent  to  the  fat  and  unavailable  for  coagulation  is  in¬ 
creased.  With  less  casein  available  for  coagulation,  a 
softer  curd  is  formed.  Milk  homogenized  under  the  condi¬ 
tions  stated  will  have  a  curd  tension  less  than  20  grams. 
Homogenization  is  an  increasingly  common  procedure  on 
the  part  of  dairies. 

Soft-curd  properties  are  imparted  to  commercial  milk 
supplies  also  by  treatment  with  pancreatic  enzymes,  the 
action  of  these  enzymes  being  stopped  at  the  appropriate 
point  by  pasteurization.  Another  procedure  in  use  in  some 
cities  for  producing  soft-curd  properties  is  the  passage  of 
the  milk  through  zeolite,  which,  under  the  standard  condi¬ 
tions  of  jirocessing,  causes  removal  of  approximately  20  pei 
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cent  of  the  calcium  and  replacement  witli  sodium.  Calcium 
is  necessary  for  the  coagulation  of  casein  and  when  this 
amount  of  calcium  is  removed,  the  coagulum  is  less  firm. 

Vitamin-D  Milk 

]\Iilk  fortified  with  vitamin  D  is  available  in  all  large 
cities  of  the  country  and  in  many  smaller  ones.  Evaporated 
milk  fortified  with  vitamin  D  is  available  at  every  p'ocery 
store.  All  commercial  fortified  milks  contain  a  minimum 
of  400  units  to  the  quart  or,  in  the  case  of  evaporated 
milk,  to  the  reconstituted  quart  (415  units  to  the  litei). 
These  are  produced  by  adding  to  the  milk  fish-liver  oil 
concentrate,  activated  ergosterol,  or  activated  7-dehydro- 
cholesterol  or  by  feeding  irradiated  yeast  to  cows.  The 
vitamin  D  present  in  milk  is  in  close  association  with  the 
fat.  Many  dairies  homogenize  their  vitamin-D  milk,  with 
the  result  that  the  vitamin  D  is  evenly  distributed  through 
it;  thus  the  amount  of  vitamin  D  consumed  is  always  in 
proportion  to  the  quantity  of  milk  ingested.  From  homo¬ 
genized  milk,  cream  cannot  be  removed  for  coffee  and 
breakfast  cereal.  When  milk  contains  400  units  to  the 
quart,  the  vitamin-D  intake  of  the  baby  is  ample  if  cus¬ 
tomary  amounts  of  milk  are  ingested. 

Modification  of  Milk  for  Infant  Feeding 

It  has  been  pointed  out  elsewhere  (Chapters  IX  and  XII) 
that  the  essential  difference  between  cow’s  milk  and  human 
milk,  as  far  as  the  infant’s  digestion  is  concerned,  is  related 
to  the  size  of  the  curd  in  the  stomach,  and  possibly  in  lesser 
degree  to  the  buffer  value.  All  successful  methods  of  modi- 
cow’s  milk  for  infant  feeding  include  processing  in 
such  a  manner  that  the  curd  size  is  reduced.  All  methods 
in  common  use  also  produce  a  decrease  in  buffer  value.  The 
most  frequently  employed  procedure  is  to  modify  fresh  or 
pasteurized  milk  by  boiling  and  dilution  (Chapter  XIV). 
Evaporated  milk  has  been  both  heat-treated  and  homogen¬ 
ized,  and  is  suitable  for  feeding  without  further  treatment 
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except  dilution  (Chapter  X\').  Fresh  milk  that  has  been 
l)oiled  and  suitalily  acidilied  is  snlhciently  altered  to  be 
ted  without  dilution,  if  desired  (Chapter  XVI).  The  dried 
milks,  because  of  the  heat  treatment  employed  in  drying, 
have  soft-curd  properties,  and  when  reconstituted  to  the 
original  volume,  may  lie  used  as  would  the  milks  from 
which  they  were  prepared,  but  without  the  necessity  for 
further  processing  to  alter  curd  properties  (Chapter 
XVII).  Other  methods  for  modifying  milk  for  infant  feed¬ 
ing  are  not  in  common  use. 

The  approximate  percentage  composition  of  the  various 
commercial  modifications  of  cow’s  milk  is  given  in  Table 

V. 

Table  V 


Percentage  Composition  op  Modifications  of  Cow’s  Milk 


form  op  milk 

WATER 

PROTEIN 

FAT 

CARBO¬ 
HYDRATE  ASH 

CALORIES  TO 

OUNCE  100  GM. 

Fresh,  whole 

85-88 

3. 1-3. 8 

3.4-5.0 

4.5-5. 2 

0.6-0.8  18-24 

61-81 

average 

87 

3.5 

3.9 

4.9 

0.7 

20 

67 

Fresh,  skimmed 

90.5 

3.5 

0.1 

5.0 

0.8 

10 

35 

average 

Evaporated,  whoie  72.7-74 

6.4- S.5 

7.8-8.2 

8.5-lO.E 

1  1.4-1.6 

average 

73.7 

7.0 

7.9 

9.9 

1.5 

44 

150 

Evaporated, 

71 

11.2 

0.5 

14.9 

2.4 

31 

109 

skimmed 

average 

Condensed, 

27.5 

8.1 

9 

43.5 

1.9 

126 

330 

sweetened 

Powdered,  whole 

3.5-4 

25.8-27.2 

26.7-2S 

36.8-38 

5.8-6 

141-149 

495-510 

Powdered, 

1.5-4 

32-37.4 

1-12 

46-52 

7-8.4 

103-121 

325-430 

skimmed 

Malted  milk 

2-3 

8-15 

7.5-9 

70-82 

2-4 

116-119 

387-395 

CHAPTER  XIV 

FEEDING  THE  NORMAL  INFANT  WITH  WHOLE 
SWEET  MILK  MIXTURES 

The  nutritional  requirements  of  normal  infants  may  be 
met  by  the  use  of  simple  mixtures  of  whole  sweet  cow  s 
milk,  sugar,  and  a  diluent,  togetlier  with  food  supplements 
containing  vitamin  I),  ascorbic  acid,  iron,  and  thiamine. 

Infants  vary  much  in  their  ability  to  digest  milk.  Some 
young  infants  are  able  to  take  undiluted  boiled  milk  in 
amounts  to  satisfy  the  appetite  without  suffering  fiom 
digestive  disturbances.  Others  with  lesser  digestive  ca¬ 
pacity  require  that  the  milk  be  diluted.  Dilution  of  the 
milk  serves  to  make  it  more  readily  digestible,  and  at  the 
same  time  permits  a  more  generous  fluid  intake.  Dilution 
is  required  only  for  the  young  infant.  Undiluted  boiled 
milk  usually  can  lie  digested  without  dilliculty  at  seven  or 
eight  months  of  age  if  the  l)aby  already  is  accustomed  to 
cow’s  milk.  At  four  months  of  age  and  earlier,  the  milk 
need  be  diluted  only  one-third  to  one-fourth.  Rarely  is  it 
necessary  to  dilute  milk  one-half  for  normal  infants,  even 
in  the  first  weeks  of  life. 

Water  is  the  diluent  most  widely  used  at  the  present 
time.  Formerly,  wlien  raw  milk  was  commonly  prescribed, 
cereal  water,  usually  pre])ared  from  l)arley  flour,  Avas  ex¬ 
tensively  used  as  a  diluent.  Starch,  l)ecause  of  its  colloidal 
properties,  is  a  deterrent  to  massive  and  hard  curd  forma¬ 
tion.  Gelatin  water  also  has  been  used  for  the  same  pur¬ 
pose,  though  in  the  concentrations  commonly  employed 
it  seems  to  have  unimportant  effects  on  curd  formation. 
Tame  Avater,  in  the  ])roporlion  of  20  pei*  cent  of  the  milk 
of  the  forimda,  also  has  been  used  for  the  prevention  of 
hard  curd  formation.  Sodium  citrate,  though  not  a  diluent, 
has  been  used  in  tlie  pro})ortion  of  one  grain  to  the  ounce 
of  milk  for  curd  control.  The  use  of  boiled  milk  makes 
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unnecessary  tlie  employment  of  any  oP  tliese  materials  other 
than  water. 

In  the  preparation  of  whole  milk  formulas  certain  gen¬ 
eral  principles  should  he  followed;  hut  for  individual  in¬ 
fants  variations  must  he  allowed  dependent  on  the  diges¬ 
tive  capacities  and  appetites.  The  amount  of  milk  given 
the  young  infant  should  approximate  100  to  130  ml.  for 
each  kilogram  (1.5  to  2  ounces  for  each  pound),  with  a 
general  average  of  115  ml.  for  each  kilogram  (1.75  ounces 
for  eacli  pound)  of  expected  body  weight.  When  the  total 
amount  of  milk  lias  increased  to  1  liter  (32  ounces),  no 
further  increases  are  made.  The  amount  of  carbohydrate 
added  should  hear  a  relationship  to  the  amount  of  milk. 
With  customary  formulas  the  amount  of  added  sugar  is 
from  6  to  8  per  cent  of  the  total  quantity  of  milk  until 
early  in  the  second  half  of  the  first  year,  when  the  amount 
of  sugar  is  gradually  decreased  as  other  foods  are  added. 

The  amount  of  water  to  lie  added  depends  on  the  degree 
of  dilution  required  to  render  the  mixture  readily  di¬ 
gestible,  and  on  the  total  volume  of  food  taken.  Essentially 
tlie  amount  of  water  to  he  added  is  rejiresented  by  the  dif¬ 
ference  between  the  amount  of  milk  prescribed  and  the 
total  amount  of  formula  the  baby  can  take  easily  in  twenty- 
four  liours. 

The  average  young  baby  may  be  expected  to  be  able  to 
take  at  a  single  feeding  two  to  three  ounces  more  than  his 
age  in  months  or  an  amount  in  ml.  50  to  00  times  the  age 
in  months.  Although  it  may  ho  appropriate  to  prepare 
the  food  and  offer  it  to  him  in  this  amount,  he  should  not 
be  ex])ected  to  take  exactly  this  quantity  at  each  feeding. 
The  infant  suckling  at  the  lireast  is  permitted  a  wide  lati¬ 
tude  in  the  amount  of  milk  taken,  without  concern  or  even 
awareness  on  the  ])art  of  the  mother.  The  liottle-fed  baby 
also  should  be  iiermitted  to  vary  his  intake  within  limits. 
During  the  first  seven  months  the  offering  of  more  than 
210  ml  (seven  ounces)  at  a  feedina-  or  more  than  a  liter  (35 
ounces)  of  milk  mixture  in  the  twenty-four  hours  is  usually 
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mulesirable.  Under  no  ordinary  circunibtcUices  at  y 
period  in  infancy  is  it  desirable  to  otter  more  than  2o0  nil 
(eight  ounces)  of  milk  at  a  single  meal.  As  a  baby  becom 
Ver,  he  is  expected  to  take  many  foods  other  than  milk 
and  he  has  a  limited  capacity. 

The  number  of  feedings  in  a  twenty-four-hour  period 
depends  on  several  factors.  Babies  are  fed  on  either  a 
tliree-hour  or  a  four-hour  daytime  schedule.^  The  best 
reason  for  a  four-hour  schedule  is  that  when  feeding  time 
arrives,  the  stomach  is  more  likely  to  be  empty  from  the 
preceding  feeding  than  if  the  interval  Avere  shortei.  Young 
infants  usually  must  have  at  least  six  feedings  each  twenty- 
four  hours  in  order  to  obtain  adequate  food.  A  six-feeding 
four-hour  schedule  necessitates  feeding  in  the  middle  ot 
the  night,  Avhereas  a  six-feeding  three-hour  schedule  pei- 
mits  an  eight-hour  interval  at  night,  a  desirable  objective 
for  most  mothers.  Although  a  four-hour  schedule  often  is 
desirable  on  the  basis  of  scientific  reasoning,  it  is  not  so 
comfortable  for  the  family  until  the  number  of  feedings  in 
twenty-four  hours  can  be  reduced  to  five.  If  the  four-hour 
schedule  is  used  from  the  beginning,  the  number  of  feed¬ 
ings  should  be  reduced  to  five  as  soon  as  the  caiiacity  of 
the  baby  permits.  Many  babies  receiving  six  feedings  of 
150  ml.  (five  ounces)  each  could  take  equally  well  five  feed¬ 
ings  of  180  ml.  (six  ounces)  each. 

The  total  energy  value  of  the  food  for  twenty-four  hours 
should  approximate  110  to  120  calories  for  each  kilogram 
(50  to  55  calories  for  each  pound)  of  expected  body  weight. 
This  goal  is  easily  attained  for  normal  healthy  babies. 
For  those  markedly  malnourished  or  ill,  it  may  not  be 
])ossible  to  give  this  much  food  Avithout  digestiA^e  disturb¬ 
ance.  Under  such  circumstances  it  may  be  found  that 
acidified  milk  formulas  are  more  readily  digested. 

Construction  of  the  Formula 

When  staiting  coav  s  milk  feeding  for  a  baby  previously 
breast  fed,  it  is  preferable  to  prescribe  a  mixture  that  has 
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less  energy  value  tlian  the  calculated  requirement, 
with  subsequent  increases  to  meet  the  needs.  The  rate  and 
extent  of  increase  would  be  determined  by  the  demonstrated 
digestive  cajiacity  of  the  infant,  evidence  of  hunger,  and 
rate  of  weight  increase. 

A  specific  examph‘  is  given  of  a  noj-mal  baby,  one  month 
of  age  and  weighing  q.6  kg.  (8  iioiinds),  who  weighed  3.4 
(^y2  pounds)  at  bii'tli  and  who  was  breast  fed  for  the 
lirst  month.  An  allowance  of  100  ml.  of  milk  for  each  kilo¬ 
gram  (I'/o  ounces  for  each  pound)  of  body  weight  permits 
a  total  of  300  ml.  (12  ounces)  with  an  energy  value  of 
apiiroximately  240  calories.  Sugar  added  in  the  propor¬ 
tion  of  8  per  cent  permits  the  addition  of  approximately 
30  grams  (1  ounce),  with  an  energy  value  of  120  calories, 
lie  may  be  expected  to  take  00  to  120  ml.  (3  to  4  ounces) 
at  a  feeding.  On  a  six-feeding  schedule  and  with  100  to 
120  ml.  (3({)  to  4  oiiiK'es)  at  a  feeding,  the  total  fluid  of  the 
formula  would  be  (>20  to  720  ml.  (21  to  24  ounces).  Con¬ 
sequently  the  amount  of  water  added  would  be  270  to  360 
ml.  (9  to  12  ounces).  'Thus  the  formula  Avould  be  as  fol¬ 
lows: 

Milk  360  ml.  (12  ounces)  240  calories 

Sugar  30  grams  (1  ounce)  120  calories 

Water  270  to  360  ml.  (9  to  12  ounces) 

Total  625  to  720  ml.  (21  to  24  ounces).  360  calories 
100  calories  to  the  kilogram  or  45  to  the  pound. 

Six  bottles,  100  to  120  ml.  (31/2  to  4  ounces)  each. 

This  formula  is  adequate  in  respect  to  most  of  the  re- 
cpiirenients  of  a  formula.  It  provides  sufficient  milk,  with 
its  protein  and  mineral  salt  content,  and  sufficient  caibo- 
hydrate.  It  may  lie  expected  to  be  Avithin  the  limits  of  di¬ 
gestive  capacity.  It  should  be  lioiled  to  make  it  moie 
readily  digestilile  and  to  free  it  from  harmful  bacteria.  Ibis 
formula  is  someAvhat  Ioav  in  energy  value,  but  it  Avould  be 
a  safe  one  with  which  to  start  and  the  infant  might  possibly 
gain  Aveight  Avhile  receiving  it. 
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If  the  infant  fails  to  gain  in  weight  and  shows  signs  o 
hunger,  it  becomes  necessary  to  increase  the  ainount  ot 
food.  This  is  accomplished  by  adding  more  milk  d,  i 
desired,  proportionately  more  sugar.  The  amount  of  mi  v 
may  be  increased  to  427)  ml.  (14  ounces),  llo  ml.  to  the 
kilogram  or  1^4  ounces  to  the  ])ound;  the  amount  of  sugar 
ma\^be  increased  to  35  grams  (Ibi  ounces)  if  the  preced¬ 
ing  formula  has  not  proved  too  laxative  in  effect;  other¬ 
wise  the  amount  of  sugar  should  remain  at  oO  giams  (1 
ounce).  The  amount  of  water  iu  the  formula  would  be  de¬ 
creased  by  the  amount  of  iiu'rease  in  the  milk.  The  formula 
would  now  be  as  follows: 

Milk  425  ml.  (14  ounces)  280  calories 

Sugar  30  to  35  grams  (1  to  11/4  ounces)  120  to  150  calories 
Water  300  ml.  (10  ounces) 

Total  720  ml.  (24  ounces)  400  to  430  calories 

Six  bottles  120  ml.  (4  ounces)  each. 


This  formula  ])robably  would  provide  ample  energy  in¬ 
take  and  also  would  meet  all  other  recpurements  expected 
from  the  formula.  If  the  infant  has  no  digestive  disturb¬ 
ance  and  gains  satisfactorily  in  weight,  no  change  need 
be  made  for  a  few  weeks  until  the  food  requirements  in¬ 
crease  because  of  growth.  If,  on  the  other  hand,  the  in¬ 
fant  shows  reluctance  to  take  as  large  a  volume  as  this 
at  a  feeding,  yet  shows  no  evidence  of  digestive  disturb¬ 
ance,  the  amount  of  Avater  in  the  formula  should  be  de¬ 
creased,  the  amounts  of  milk  and  sugar  remaining  the 
same. 


By  the  age  of  tAvo  months  the  infant  might  be  ex])ected 
to  Aveigh  4.5  kg.  (10  pounds)  and  might  be  given  the 
folloAAung  formula: 

^lilk  550  ml.  (18  ounces)  360  calories 

Sugar  35  grams  ( 114  ounces)  150  calories 

Water  360  ml.  (12  ounces) 


Total'  900  ml.  (30  ounces)  510  calories 

Six  bottles,  150  ml.  (5  ounces)  each. 
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This  forniulci  supplies  113  calories  for  each  kilogram  (51 
for  each  pound)  of  body  weight,  which  may  not  be  suf¬ 
ficient  to  satisfy  the  infant.  An  additional  7  grams  (i/i 
ounce)  of  sugar  increases  the  calories  for  each  kilogram 
to  119  (for  each  pound  to  54),  an  energy  intake  that  should 
he  ample  for  the  majority  of  infants.  Many  other  changes 
could  be  made  in  adapting  the  formula  to\^the  individual 
infant.  The  infant  might  be  one  who  could  take  easily  as 
much  as  180  ml,  (six  ounces)  at  a  feeding,  and  in  such 
case  the  number  of  feedings  could  be  reduced  to  five.  If  it 
seemed  highly  desirable  to  jbhve  a  five-feeding  schedule 
and  180  ml,  (six  ounces)  could  not  be  taken,  the  water  addi¬ 
tion  could  be  reduced  to  210  ml,  (7  ounces)  and  the  amount 
of  food  in  each  bottle  to  150  ml,  (5  ounces);  the  water  re¬ 
quirement  would  still  he  met,  especially  if  the  orange  juice 
that  the  infant  is  to  receive  also  is  somewhat  diluted. 

Still  other  changes  may  prove  desirable  in  individual 
instances.  If  the  baby  is  constipated  while  ingesting  the 
formula  as  jorescribed,  the  type  of  sugar  added  could  be 
changed  to  one  with  greater  laxative  properties;  within 
limits  the  amount  of  sugar  could  be  increased  or  the  amount 
of  milk  could  be  reduced,  or  both  these  measures  could  be 
taken  and  still  have  the  formula  meet  expected  require¬ 
ments,  The  reverse  of  these  various  measures  would  ap¬ 
ply  if  the  stools  were  too  frequent  and  loose. 

From  the  preceding  discussion  it  is  apparent  that  no  set 
rules  need  be,  or  always  can  be,  followed  in  the  feeding  of 
a  normal  infant.  One  must  be  guided  by  the  appetite, 
digestion,  character  of  tlie  stools,  rate  of  growth,  and  gen¬ 
eral  comfort  of  the  baby.  Tables  giving  exact  proporHons 
of  milk  and  sugar  and  the  amounts  to  lie  taken  at  differ¬ 
ent  ages  are  at  best  only  rough  guides.  The  accompanying 
table  is  given  merely  to  indicate  what  the  average  normal 
infant  might  be  expected  to  take  at  the  vaiious  ages.  In 
all  instances  the  formula  should  be  made  to  fit  the  require¬ 
ments  of  the  infant;  the  infant  should  not  he  expected  to 

conform  to  a  table. 
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Table  VI 


Outline  fob  the  Feeding  of 


Normal  Infants  With 
Mixtures 


Whole  Sweet  Milk 


AGE 

MONTHS 

WEIGHT 

MILK 

m 

o 

55 

p 

o 

Dh 

6 

W 

OUNCES 

7 

3.2 

11 

330 

i 

8 

3.6 

14 

420 

2 

10 

4.5 

18 

540 

3 

12 

5.5 

21 

630 

4 

14 

6.4 

25 

750 

6 

16-17 

7.3-7.7  28 

840 

8 

18-20 

8.2-9.1  32 

960 

12 

22 

10 

32 

960 

WATER 


SUGAR 


7 

210 

1 

30 

10 

300 

1 

30 

12 

360 

li 

35 

9 

270 

45 

10 

300 

n 

50 

7 

210 

2 

60 

3 

90 

li 

45 

feedings 


cd 

W 

P5 

WH 

p 

'A 

OUNCES 

►4 

iiH 

6-7 

2P3 

75-90 

6-7 

3p4 

105-120 

5-6 

5-6 

150-180 

5-6 

5-6 

150-180 

5-6 

6-7 

180-210 

5 

7 

210 

5 

7 

210 

4 

8 

240 

For  additional  foods  see  Chapter  XVIII. 


Technique  of  Preparing  the  Formula 

All  utensils  used  in  the  preparation  of  the  formula  should 
be  scrupulously  clean  and  preferably  boiled  before  use.  In 
preparing  the  formula  the  total  day’s  feedings  are  made  up 
at  one  time.  The  water  is  first  measured  and  poured  into 
a  clean  vessel  in  which  the  formula  subsequently  will  be 
boiled.  The  sugar  is  then  measured  or  weighed  and  is 
dissolved  in  the  water. 

The  dry  sugars  may  be  Aveighed  on  a  small  balance  or 
scale.  More  often  in  the  home  the  sugar  is  measured  in 
terms  of  volume,  in  A\diich  case  it  is  necessary  to  knoAV  the 
volumetric  equivalents  of  a  given  weight  of  sugar.  Of 
lactose,  dextrose,  and  the  dextrin-maltose  mixtures  20 
milliliters  are  approximately  equiA^alent  to  10  grams,  or 
two  fiuid  ounces  are  equivalent  to  one  ounce  avoirdupois ; 
30  ml.  of  sucrose  weighs  approximately  30  grams,  or  one 
fluid  ounce  weighs  one  ounce  avoirdupois ;  30  ml.  of  flavored 
corn  syrup  contains  30  grams  of  sugar,  or  one  fluid  ounce 
contains  one  ounce  avoirdupois.  The  sugar  may  be  meas¬ 
ured  in  a  standard  tablespoon  (15  ml.  or  one-half  fluid 
ounce)  or  in  a  graduated  medicine  glass;  the  latter  is  pref¬ 
erable  unless  the  talilespoons  are  of  standard '  size.  In 
measuring  with  a  spoon,  the  spoon  should  be  filled  with- 
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out  compressing  tlie  sugar,  and  the  content  should  be 
scraped  level  with  a  knife  blade.  In  measuring  in  a  medi¬ 
cine  glass,  the  sugar  should  be  shaken  level  by  gentle  tap¬ 
ping  on  the  glass.  When  measuring  flavored  corn  syrup 
by  spoon,  the  syrup  should  lie  poured  into  the  spoon  and 
the  spoon  then  should  be  rinsed  in  the  water;  the  spoon 
should  not  lie  dipped  into  the  syrup  as  an  extra  amount  of 
the  syrup  will  adhere.  A  convenient  method  of  measuring 
heavy  syrup  is  to  mix  it  first  with  an  equal  volume  of 
vater;  the  resulting  thin  syrup  is  easy  to  manage.  In 
institutions  where  large  numliers  of  formulas  are  prepared 
daily,  and  where  a  dry  sugar  is  used,  it  is  often  a  con¬ 
venience  to  prepare  the  sugar  as  a  thin  syrup  for  use. 

After  dissolving  the  proper  amount  of  sugar  in  the  water, 
the  milk  is  stirred  in.  The  milk  should  be  taken  from  a 
fresh  bottle  which  has  had  the  contents  mixed  by  invert¬ 
ing  several  times.  In  institutions  where  the  milk  may  be 
received  in  larger  containers,  it  is  necessary  that  the  milk 
be  thoroughly  mixed  before  removal  for  formula  prepara¬ 
tion. 

The  mixture  of  milk,  water,  and  sugar  is  then  boiled  for 
one  minute  in  a  saucepan  or  other  suitable  container.  It 
is  desirable  that  the  mixture  be  brought  to  the  boiling 
temperature  rapidly  and  that  it  be  cooled  quickly  after 
boiling.  Before  cooling,  the  mixture  is  distributed  into 
feeding  bottles,  one  for  each  feeding.  The  bottles  are 
stoppered  with  nonabsorbent  cotton,  corks,  rubber  caps,  or 
cellojihane  held  in  place  by  rubber  bands.  The  bottles  are 
cooled  by  standing  in  running  water  or  preferably  in  water 
that  has  been  iced;  they  are  then  placed  in  the  refrigerator 
until  used. 

Periods  of  boiling  longer  than  one  minute  sometimes  are 
used,  although  one  minute  at  the  boiling  temperature  is 
sufficient  to  make  the  mixture  bacteriologically  safe  and  to 
alter  the  coagulating  joroperties  of  the  casein.  Longer 
periods  of  heating  have  certain  disadvantages.  Milk  that 


has  been  tieated  for  twenty  minutes  or  more  m  a  double 

hoiler  or  in  the  feeding  bottles 

sometimes  is  recommended,  has  appreciably 

of  the  heat-labile  vitamins  than  milk  quickly  and 

cooled.  The  thiamine  loss,  particularly,  is  probably  of  ini- 

portance  for  the  young  l)a])y. 


The  Nursing  Bottle 

Any  form  of  hottle  that  may  be  cleaned  easily  is  suit¬ 
able.  Perhaps  wide-mouthed  bottles  are  more  easih 
cleaned,  but  they  are  somewhat  more  difficult  to  handle 
without  spillage  than  small-mouthed  bottles,  and  the  largei 
nipples  are  more  expensive.  Pottles  made  of  Pyrex  glass 
are  less  likely  to  break  when  heated  than  are  those  made 
of  ordinary  glass.  After  each  feeding  the  empty  bottle 
should  be  rinsed  and  filled  with  water,  l.ater,  when  pre¬ 
paring  for  the  feedings  for  the  next  twenty-four  hours,  all 
hottles  are  scrubbed  with  a  bottle  lu’ush  and  hot  soapsuds, 
rinsed,  and  hoiled  for  live  minutes. 

After  use,  the  nipples  should  be  rinsed  and  placed  in 
water  until  time  for  preparation  for  subsequent  use.  They 
should  then  be  washed  thoroughly  with  warm  water  and 
soap,  rinsed,  boiled,  and  kept  in  a  clean  covered  jar  that 
has  been  boiled.  Repeated  boiling  of  rubber  nipples  short¬ 
ens  their  period  of  usefulness.  In  a  private  home  where 
only  one  baby  is  being  cared  for,  daily  boiling  of  the  nip¬ 
ples  possibly  may  be  dispensed  with  if  sufficient  care  is 
used  in  cleaning  them  and  keeping  them  clean.  If  boric 
acid  solution  is  the  medium  in  which  they  are  kept  after 
cleaning,  the  boric  acid  should  be  washed  off  before  plac¬ 
ing  on  the  bottle.  The  life  of  nipples  will  be  conserved 
also  if,  when  they  are  boiled,  they  are  not  placed  in  the 
water  until  it  has  started  boiling,  and  if  they  are  removed 
from  the  water  promptly  after  a  boiling  period  of  one 
minute. 
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Technique  of  Feeding 

Before  being  offered  to  the  baby  the  bottle  should  be 
warmed  to  body  temperature  by  immersing  in  warm  water. 
^  le  temperature  of  the  milk  can  best  be  tested  by  allow¬ 
ing  a  few  droids  to  fall  on  the  inner  side  of  the  wrist. 

The  hole  in  the  nipple  should  be  of  such  size  as  to  allow 
t  le  milk  to  drop  rapidly,  but  not  to  flow  in  a  stream.  A 
small  hole  may  be  enlarged  by  burning  with  a  hot  needle. 
If  the  nipple  hole  is  too  small,  the  milk  is  obtained  with 
great  difficulty  and  the  infant  is  likely  to  cease  nursing 
before  he  has  had  enough.  If  the  hole  is  too  large,  the 
milk  is  taken  too  rapidly,  a  condition  which  may  lead  to 
choking  or  to  vomiting  or  both. 

The  bottle  should  be  held  for  the  baby  throughout  the 
feeding.  It  is  best  also  that  the  baby  be  held  in  a  semi¬ 
upright  2)osition,  so  as  to  facilitate  the  escape  of  swallowed 
air.  The  infant  should  not  be  forced  to  take  more  food 
than  he  wants.  On  the  other  hand,  he  should  not  be  allowed 
more  than  twenty  minutes  at  the  bottle.  Unless  the  baby 
is  ill  or  very  weak,  or  the  nipj^le  hole  is  too  small,  an  in¬ 
fant  who  is  hungry  will  take  all  the  food  he  needs  within 
ten  or  fifteen  minutes.  At  the  conclusion  of  the  feeding 
the  infant  shoidd  be  held  upright,  usually  against  the 
shoulder,  and  patted  on  the  back  in  order  to  get  rid  of 
swallowed  air.  It  may  be  necessary  to  hold  him  for  as 
long  as  fifteen  minutes  before  the  air  is  brought  up. 


CHAPTER  XV 

EVAPORATED  MILK  MIXTURES 


Characteristics  of  Evaporated  Milk 


In  the  preiiaration  of  evaporated  inillc,  fresh  mixed  lierd 

ndlk  is  adjusted  to  a  fat  content  of  3.9  1^; 
tained  in  an  almost  complete  vacimm  at  130  1  until  ap 
proximately  60  per  cent  of  the  water  is  removed  It  is  then 
homogenized  in  order  that  the  fat  may  remain  distributed 
through  the  milk,  and  is  transferred  to  cans,  which  are 
sealed  and  autoclaved  at  a  temperature  of  240°  F.  for  fif¬ 
teen  minutes.  The  resulting  product  is  sterile  and  keeps 
in  the  sealed  cans  for  long  periods  Avithout  noteworthy 
physical  change.  By  inAmrting  the  position  of  the  can 
every  feAv  months  physical  changes  may  he  deferred  almost 
indefinitely. 

The  composition  of  evaporated  milk  is  constant  Avithin 
narroAA"  limits,  regardless  of  the  brand  name  under  Avhich 
it  is  prepared  and  sold.  The  reason  for  this  constancy  is 
that  the  product  must  conform  to  the  definition  and  stand¬ 


ards  of  the  Federal  Food  and  Drug  Administration.  Ac¬ 
cording  to  these  standards  evaporated  milk  must  contain 
at  least  7.9  per  cent  fat  and  25.9  per  cent  total  solids. 
Actually  the  fat  content  is  found  to  vary  from  7.9  to  8.2 
per  cent.  It  is  commonly  accepted  that  dilution  of  evap¬ 
orated  milk  Avith  an  equal  volume  of  Avater  results  in  a 
product  equivalent  to  the  milk  from  Avhich  it  Avas  originally 
prepared.  HoAvever,  the  percentage  values  of  the  com¬ 
ponents  are  on  the  basis  of  Aveight,  not  volume.  The  “tall 


can”  has  a  content  of  14.5  ounces  avoirdupois  (420  grams),, 
or  13  fluid  ounces  (390  ml.).  Starting  Avith  evaporated 
milk  having  a  fat  content  of  7.9  per  cent  by  Aveight,  dilu¬ 
tion  Avith  an  equal  volume  of  Avater  results  in  a  product 
with  a  fat  content  of  4. I'd  per  cent;  the  other  components 
are  proportionately  in  excess  of  the  original  content.  The 
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C 1  ution  factor  of  1:1.2  is  more  nearly  correct  for  approxi- 
mating  the  content  of  the  original  milk.  It  is  obvious  also 
tnat  the  14.5  ounce  can  is  not  equivalent  to  a  quart  of  milk 
as  sometimes  assiimecV  A  fluid  ounce  of  evaporated  milk 
has  an  energy  content  of  approximately  45  calories;  a  fluid 
ounce  of  a  1:1.2  dilution  supplies  approximately  20  calories. 
One  hundred  milliliters  of  evaporated  milk  have  an  energy 
( ontent  of  approximately  150  calories.  One  hundred  milli¬ 
liters  of  a  1:1.2  dilution  sujiply  ap})roximately  70  calories. 

The  fat  of  evaporated  milk  is  not  altered  in  composition, 
but  because  of  homogenization  it  is  more  finely  divided 
tlian  in  natural  milk.  The  sugar  is  practically  unchanged 
by  the  processing.  Because  of  homogenization  and  heat 
treatment  the  casein  is  considerably  altered,  with  the  re¬ 
sult  that  finer  curds  are  produced  in  the  stomach.  As  a  re¬ 
sult  of  heating,  the  whey  protein  also  is  changed,  so  that 
the  milk  is  less  allergenic  than  is  pasteurized  or  boiled 


milk.  Only  slight  changes  occur  in  the  mineral  content. 
A  small  amount  of  calcium  ])hosj)hate  is  precii:)itated,  but 
this  is  easily  utilizable  after  ing(\stion.  Eva])orated  milk 
is  likely  to  contain  more  coijper  tlian  fresh  milk,  but  the 
increase  is  relatively  unimportant.  The  buffer  value  of 
evaporated  milk  is  slightly  less  than  that  of  fresh  milk. 

As  discussed  in  Chapter  VIT,  evai)oration  of  milk  leads 
to  losses  of  the  heat-labile  vitamins,  ascorbic  acid  and 
thiamine.  Reconstituted  eva]jorated  milk  may  be  expected 
to  contain  approximately  6  mg.  of  ascorbic  acid  to  the 
liter,  which  is  one-third  to  one-fouilh  the  amount  expected 
in  fresh  raw  milk  and  slightly  less  than  one-half  that  in 
pasteurized  milk.  This  loss  may  be  ignored  because  of  the 
universal  custom  of  giving  vitamin-C  containing  foods  in 
addition  to  the  milk.  Tn  the  case  of  thiamine,  evaporation 
of  the  milk  produces  a  loss  of  ap})r‘oximately  20  per  cent, 
with  further  losses  on  storage  up  to  a  total  of  40  per  cent, 
or  possibly  more  with  storage  of  unusual  duration.  With 
our  present  lack  of  exact  knowledge  of  the  thiamine  re¬ 
quirement  of  infants,  it  is  difficult  to  state  how  important 


evaporated  IMILK  MIXTURES 


,l,is  loss  may  l)e.  However,  it  seems  clear  that 
of  thiamine  received  by  the  young  intant  fed  evaporate  I 
milk  must  approach  closely  the  minimum  requirement 
The  feeding  of  supplemental  foods  containing  thiamine 

should  he  begun  early.  , 

\  large  proportion  of  the  evaporated  milk  on  the  maiket 

iirthis  country  has  been  fortilied  with  vitamin  D  to  the 
extent  of  400  units  to  the  reconstituted  quart  (410  units  to 
the  reconstituted  liter).  The  vitamin-D  requirement  may 
be  satisfied  easily  with  this  amount. 

Evaporated  milk  has  an  extensive  usage  in  infant  feed¬ 
ing.  Its  uniform  composition,  sterility  and  soft  curd  prop¬ 
erties  render  it  well  adapted  to  the  feeding  of  infants.  ^  It 
has  the  further  advantage  of  being  economical.  Extensive 
observations  have  shown  that  evaporated  milk  is  nutri¬ 


tionally  adecpiate  when  s\q')})lemented  in  the  usual  manner 
and  that  its  continuous  use  does  not  lead  to  the  develop¬ 
ment  of  any  nutritional  disturbance.  Evaporated  milk 
should  not  be  confused  with  condensed  milk,  which  is  pre¬ 
pared  with  the  addition  of  approximately  4fi  per  cent  of 
sucrose. 


Construction  of  Formulas  With  Evaporated  Milk 

Evaporated  milk  diluted  to  its  original  composition  may 
be  used  for  the  loreparation  of  formulas  in  the  same  man¬ 
ner  as  fresh  whole  milk,  the  formulas  being  constructed  in 
the  same  manner  as  described  in  Chapter  XIV.  Instead 
of  actually  making  the  first  dilution  and  then  diluting 
again  for  formula  preparation,  the  amount  of  water  to  be 
added  is  calculated  and  added  at  one  time.  The  follow¬ 
ing  table  indicates  a  way  in  Avhich  normal  infants  may 
be  fed  with  evaporated  milk  mixtures.  This  table  is  sub¬ 
ject  to  the  limitations  discussed  relative  to  the  use  of  a 
similar  table  for  fresh  milk  mixtures  in  Chapter  XIV. 

Because  of  the  changes  produced  in  milk  by  the  process 
of  evaporation,  larger  quantities  and  greater  concentra¬ 
tions  than  those  suggested  in  the  table  may  be  given  to 
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Table  VII 

Outline  for  Feeding  Normal  Infants  With  Evaporated  Milk  Mixtures 


w 

W 

§  2 

1 

») 

11 

4 

G 

8 

12 


WEIGHT 


w 

p 

Jz; 

P 

o 

p 


o 

W 


3.2 
3.G 

4.3 
5.5 
G.3 

7.2-7.’ 
8.2  V 
10 


7 

8 

10 

12 

14 

I(i-]7 

18-20 


EVAPORATED 

MILK 


w 

w 

o 

p 

o 


p 

VH 

<5 


WATER 


W 

g 

'Z, 

P 

o 


p 


SUGAR 


w 

H 

O 

iz: 

P 

o 


<1 

o 


FEEDINGS 


a 

K 

p 

P 

is 


p 

i>5 


w 

p 

o 

s 

p 

o 


150 

5 

390 

13 

30 

1 

6-7 

75-90 

24- 

200 

64 

520 

30 

1 

6-7 

100-120 

H- 

240 

8 

660 

90 

35 

u 

5-6 

150-180 

5-6 

300 

10 

600 

20 

45 

14 

5-6 

150-180 

5-6 

360 

12 

700 

23 

50 

If 

5-6 

210 

6-7 

390 

13 

660 

22 

60 

2 

5 

210 

7 

450 

15 

600 

20 

45 

14 

5 

210 

7 

450 

15 

510 

17 

— 

— 

4 

240 

8 

For  siJdilional  foods  see  Chapter  XVIII. 


iiio.sl  halties  without  producing  digestive  disturbances,  par¬ 
ticularly  to  babies  three  months  of  age  and  older.  Under 
tlirei;  months  of  age  the  tolerance  of  infants  for  food  is 
more  easily  overstepped.  Such  overstepjhng  is  made  easier 
by  considering  equal  volumes  of  evaporated  milk  and  water 
as  being  equivalent  to  whole  milk.  Such  a  preparation 
has  a  fat  content  of  more  than  4  per  cent,  whereas  it  is 
usually  preferable  to  feed  babies  with  milk  containing  less 
than  4  per  cent  of  fat. 

Evaporated  milk  diluted  with  water  and  without  carbo¬ 
hydrate  addition  has  been  used  successfully  in  the  feeding 
of  both  well  and  sick  infants.  In  order  to  provide  sufficient 
energy  intake  more  milk  must  be  ingested  than  with  cus¬ 
tomary  types  of  feeding.  The  food  is  higher  in  protein 
and  fat  and  lower  in  carbohydrate  than  the  usual  infant’s 
formula.  Infants  so  fed  are  customarily  hungry  before 
feeding,  and  during  the  early  months  they  may  need  seven 
or  eight  feedings  each  twenty-four  hours.  Successful  feed¬ 
ing  by  this  means  requires  considerable  pediatric  expe¬ 
rience.  The  relative  proportions  of  milk  and  water  must 
lie  adjusted  to  the  individual  baby  and  frequent  readjust¬ 
ments  are  desirable.  Infants  fed  in  this  manner  are  re¬ 
ported  to  grow  well  and  to  be  active  and  well  muscled. 
The  subcutaneous  layer  of  fat  is  thin,  giving  the  babies  a 
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lean  appearanee.  Proponents  of  this  type  of  feeding  claim 
more  nniforin  and  satisfactory  nntrition  and  growth  tlian 

with  other  types. 


Technique  of  Preparing  the  Formula 

As  in  the  case  of  fresh  whole  milk  mixtures,  the  total 
day’s  feedings  are  j^repared  at  one  time.  The  siigai  is 
measured,  as  previously  described,  and  is  dissolved  in  the 
requisite  amount  of  lioiled  water.  The  recpiiied  amount  of 
evaporated  milk  is  stirred  in.  The  formula  is  immediately 
poured  into  the  clean  nursing  bottles.  No  further  heat 
treatment  is  necessary.  The  technique  of  feeding  and  the 
feeding  intervals  are  the  same  as  in  the  case  of  whole  milk 
mixtures. 


CHAPTER  XVI 
ACID  MILK 


When  cow’s  milk  is  soured  by  the  growth  of  lactic  acid 
producing  organisms,  or  if  lactic  acid,  citric  acid,  other 
nontoxic  acid,  or  acid  fruit  juice  is  added  to  the  point  of 
curdling,  changes  are  brought  al)Out  which  render  the  milk 
more  easily  digestible.  The  most  important  of  these 
changes,  and  perhaps  the  only  one  of  significance  for  the 
well  baby,  is  the  precipitation  of  casein  curds  in  a  finely 
divided  form.  A  finely  divided  curd,  whether  produced  by 
heat  treatment  of  milk,  by  the  addition  of  rennin,  by  acidi¬ 
fication,  or  by"  other  means,  is  more  easily  permeated  by 
the  digestive  juices;  the  milk  leaves  the  stomach  more 
quickly  than  when  larger  curds  are  present,  and  can  be 
fed  in  greater  concentration  than  when  less  efficient  meth¬ 
ods  for  modifying  the  curd  are  used. 

Acidification  of  milk  leads  to  neutralization  of  a  portion 
of  the  buffer  substances  present,  so  that  when  the  milk  is 
fed,  the  degree  of  acidity  attained  in  the  stomach  of  the 
infant  approximates  that  attained  when  human  milk  is 
fed.  On  a  theoretical  basis  this  degree  of  acidity  has  sev¬ 
eral  advantages.  It  is  sufficient  to  inhibit  bacterial  grgwtli, 
to  favor  normal  functioning  of  the  pyloric  sphincter,  and 
to  stimulate  the  flow  of  bile  and  of  pancreatic  and  intes¬ 
tinal  juices.  The  contents  of  the  upper  intestinal  tract  are 
more  acid  than  in  the  case  of  sweet-milk  feedings  a  condi¬ 
tion  that  might  be  assumed  to  render  certain  of  the  mineial 
constituents,  especially  the  calcium  salts,  more  soluble  and 
hence  to  favor  absorption.  These  various  factors  may  pos¬ 
sibly  be  of  importance  to  the  si('k  baby,  but  for  the  noimal 
well  ba])y  available  evidence  indicates  that  the  utiliza¬ 
tion  of  the  various  com])onents  of  the  food  is  eciually  sat¬ 
isfactory,  whether  or  not  the  milk  has  been  acidified  or 
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the  buffer  value  changed,  provided  the  curd  is  in  a  ne  } 
divided  form.  In  the  case  of  the  sick  baby,  the  lowered 
gastric  motility  and  decreased  secretion  may  be  compen¬ 
sated  in  part  by  acidification  of  the  milk  before  ingestion. 

The  acid  of  acidified  milk  is  quickly  absorbed  and  has 
little  influence  on  the  reaction  of  the  contents  of  the  lower 
portion  of  the  intestinal  tract.  The  organic  acids  suitable 
for  acidification  of  milk  are  metabolized  to  carbon  dioxide 
and  water,  with  no  effect  on  the  acid-base  balance.  Min¬ 
eral  acids,  on  the  other  hand,  such  as  hydrochloric  acid,  are 
not  burned  in  the  body,  but  must  be  neutralized  and  ex¬ 
creted.  The  continued  feeding  of  large  amounts  of  inor¬ 
ganic  acid  necessarily  leads  to  some  disturbance  of  the 
acid-base  balance,  and  may  deplete  the  alkali  reserves  of 
the  body.  The  small  amounts  sometimes  added  to  milk 
may  not  prove  to  lie  harmful. 


Because  acid  milk  is  not  as  good  a  culture  medium  for 
most  bacteria  as  sweet  milk,  formulas  prepared  from  acid 
milk  tend  to  keep  better  than  sweet  milk  formulas,  even 
though  carelessly  prepared  and  poorly  refrigerated.  Be¬ 
cause  of  this  effect  of  acid,  milk  sufficiently  acidified  has 
some  prophylactic  value  against  diarrhea.  However,  it  is 
not  safe  always  to  depend  on  this  property. 

Acid  milk  is  easily  digestible,  as  are  all  fine-curd  milks; 
in  fact,  it  is  so  easily  digestible  that  dilution  rarely  is 
necessary  for  feeding  even  young  infants.  When  formu¬ 
las  are  prepared  from  undiluted  milk,  the  energy  values  are 
usually  higher  than  for  diluted  milk  formulas.  Little 
danger  of  underfeeding  exists.  Mixtures  of  this  type  are 
of  especial  value  for  the  feeding  of  infants  with  small 
capacities  who  vomit  when  large  volumes  of  food  are 
taken.  They  are  of  value  also  in  the  treatment  of  under¬ 
nourished  infants  who  have  large  food  requirements  and 
reduced  digestive  capacities. 

Acid  milk  has  a  few  disadvantages.  Older  infants  who 
are  accustomed  to  sweet  milk  may  refuse  sour-tasting  milk 
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at  tlie  start;  infants  wlio  are  partially  breast-fed  do  not 
take  acid  milk  as  well  as  sweet  milk,  in  supplemental  or 
complemental  feedings.  A  few  infants  secrete  gastric  juice 

itli  unusual  acidity ;  for  such  infants,  acid  milk  may  cause 
\  omiting  and  at  times  may  have  increased  laxative  effects. 
The  continued  use  of  acid  milk  beyond  the  period  of  in¬ 
fancy  is  unobjectionable  nutritionally;  the  effect  on  de¬ 
velopment  of  undesirable  feeding  habits  should  be  consid¬ 
ered. 

Acid  milk,  fed  in  customary  concentrations  and  amounts, 
gives  rise  to  alkalinity  in  the  lower  portion  of  the  intes¬ 
tinal  tract,  sometimes  to  a  greater  degree  than  when  sweet- 
milk  dilution  formulas  are  fed.  The  increased  alkalinity 
probably  is  due  iu  part  to  increased  secretion  of  alkaline 
intestinal  juices,  but  in  a  larger  measure  to  the  greater 
amount  of  milk  fed.  Because  of  the  greater  amount  of 
milk,  the  stools  of  infants  fed  acid  milk  may  at  times  be 
firmer  and  more  alkaline.  They  are  composed  largely  of 
calcium  soaps;  the  odor  is  foul  rather  than  sour,  and  the 
color  may  be  slightly  less  yellow  than  that  of  stools  of 
babies  fed  milk  more  dilute  and  therefore  in  smaller  quan¬ 
tity. 

Lactic  Acid  Milk 

Lactic  acid  milk,  as  buttermilk,  has  been  used  in  infant 
feeding  for  at  least  one  hundred  and  fifty  years,  and  prob¬ 
ably  longer.  It  was  found  empirically  that  infants  with 
diarrhea  often  tolerated  buttermilk  better  than  other  forms 
of  food.  Buttermilk  is  essentially  skimmed  lactic  acid 
milk,  often  diluted,  and  is  a  by-product  of  the  manufacture 
of  butter.  Cream  is  allowed  to  sour  spontaneously,  or  the 
souring  is  hastened  by  the  addition  of  a  “starter  or  cul¬ 
ture  of  lactic  acid  producing  organisms,  and  the  fat  is  sub¬ 
sequently  removed  by  churning.  Buttermilk  piepaied  in 
this  way  is  likely  to  be  relatively  free  from  harmful  bac¬ 
teria  because  of  the  high  degree  of  acidity,  but  its  safety 
cannot  be  depended  on. 
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The  lactic  acid  milk  used  at  present  for  infant  feeding 
is  not  a  by-product  of  the  butter  industry,  but  is  prepared 
especially  for  human  consumption.  F or  the  feeding  of  most 
infants  the  fat  content  of  the  milk  is  retained.  Either  ot 
two  methods  of  preparation  may  be  employed.  One  con¬ 
sists  of  souring  the  milk  by  means  of  acid-producing  bac¬ 
teria,  the  other  by  direct  addition  of  lactic  acid. 

Bacterially  Soured  Milk 

For  the  preparation  of  bacterially  soured  milk,  any  one 
of  several  varieties  of  organisms  may  be  used.  Since  the 
chief  objective  is  the  formation  of  sufficient  lactic  acid, 
the  type  of  organism  selected  is  immaterial,  provided  it  is 
nonpathogenic  and  produces  no  harmful  products.  Most  of 
the  types  of  bacteria  used  die  quickly  in  the  intestinal 
tract.  The  one  most  likely  to  survive,  especially  if  the 
food  contains  considerable  lactose  or  dextrin,  is  the  Lacto¬ 
bacillus  acidophilus.  It  is  possible  that  the  continued 
growth  of  this  organism  in  the  intestinal  tract  may  exert 
some  beneficial  action,  but  any  such  effect  is  difficult  to 
detect  clinically. 

In  most  cities  dairies  pre]iare  bacterially  soured  whole 
and  skimmed  milks  that  are  satisfactory  for  infant  feed¬ 
ing.  Bacterially  soured  milk  may  be  prepared  in  the  home, 
making  use  of  cultures  obtainable  on  the  market.  Before 
attempting  to  pre]iare  the  acid  milk,  the  culture  to  be 
used  should  be  tested  and  a  stock  culture  prepared.  This 
is  done  by  boiling  a  few  ounces  of  milk,  cooling  to  body 
temperature  and  adding  to  it  a  small  amount  of  the  com¬ 
mercial  culture,  either  liquid  or  tablet.  The  inoculated 
milk  is  poured  into  a  bottle  that  has  been  boiled,  the  bottle 
is  stoppered  loosely  and  allowed  to  stand  in  a  warm  place 
for  at  least  twelve  hours.  The  ])resence  of  curdling  in  the 

milk  at  the  end  of  this  time  is  an  indication  that  the  culture 
is  active.  ^ 

Kor  home  ,,reparatioTi  of  acid  milk-,  one  quart  of  milk  is 
boiled  and  cooled  to  about  80°  F.  To  this  is  added  one 
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tablespoonful  of  the  milk  previously  prepared  with  the 
culture  and  the  whole  is  mixed  and  poured  into  a  clean 
(|uait  bottle,  which  is  covered  with  a  piece  of  boiled  cheese¬ 
cloth  and  allowed  to  stand  in  a  warm  place  overnight  j 
or  the  warm  mixture  may  be  poured  into  a  clean  vacuum 
bottle,  stoppered,  and  allowed  to  stand.  The  vacuum 
bottle  serves  to  keep  the  milk  warm.  If  the  milk  is  in¬ 
cubated  at  too  high  a  temperature,  organisms  other  than 
lactic  acid  producers  may  grow  and  impart  to  the  milk 
undesirable  characteristics.  Too  long  a  period  of  incu¬ 
bation  results  in  a  product  that  is  excessively  acid.  The 
chief  difficulty  in  the  home  preparation  of  bacterially 
soured  milk  lies  in  the  almost  certain  eventual  contamina¬ 
tion  of  the  stock  culture  with  harmful  organisms;  for  this 
reason  new  stock  cultures  should  be  prepared  frequently 
from  pure  commercial  cultures.  Properly  prepared  cul¬ 
tured  acid  milk  should  have  a  creamy  consistency,  with 
no  large  curds  and  no  separation  of  whey.  The  odor  should 
be  pleasantly  sour,  not  rancid.  Milk  containing  bubbles  of 
gas  is  unfit  for  use.  The  lactic  acid  content  should  be  from 
0.4  to  0.6  per  cent.  The  curds  often  are  finer  than  those 
prepared  by  the  direct  addition  of  acid. 

Milk  Soured  by  the  Addition  of  Lactic  Acid 

Milk  acidified  by  the  direct  addition  of  lactic  acid  does 
not  contain  lactic  acid  organisms,  but  the  presence  of  these 
bacteria  does  not  appear  to  be  any  great  advantage.  Acidi¬ 
fied  milk  apparently  is  as  useful  as  that  which  has  been 
bacterially  soured. 

In  the  prej^aration  of  acidified  milk,  lactic  acid  (U.S.P. 
85  per  cent)  is  added  to  whole  milk  in  such  a  propoition 
as  will  produce  a  fine  smooth  curd,  but  not  in  an  amount 
that  will  cause  the  curd  subsequently  to  separate.  The 
amount  of  acid  required  varies  with  different  milks.  For 
average  dairy  milk  containing  not  more  than  4  per  cent 
fat,  the  amount  of  acid  required  is  approximately  6  ml.  (lVi> 
fluid  drams)  to  the  quart  or  liter.  For  most  Holstein  milk 
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4  ml.  (1  Huid  dram)  usually  is  sufficient.  One  fluid  dram 
of  U.S.P.  lactic  acid  is  equivalent  to  approximately 

drops. 

The  milk  should  tirst  be  boiled  and  then  cooled  on  ice 
or  in  chilled  water.  When  the  milk  is  cold,  the  acid  is 
added  slowly,  drop  by  drop,  with  constant  Stirling.  At 
times  it  may  be  more  convenient  to  add  the  acid  to  one 
or  two  ounces  of  water,  and  then  to  add  the  mixtuie  to  the 
milk  with  stirring.  At  first  no  effect  on  the  milk  is  ob¬ 
served,  but  as  the  last  portions  of  the  acid  a.re  added, 
curdling  begins.  It  is  especially  important  that  the  last 
portions  of  the  acid  be  added  slowly,  as  it  is  only  in  this 
way  that  fine  curds  are  formed.  The  final  product  re¬ 
sembles  bacterially  soured  milk  in  taste  and  odor.  Unless 
the  milk  is  thoroughly  cooled  before  the  acid  is  added  and 
unless  the  acid  is  added  slowly,  the  curds  are  likely  to  be 
large  and  clumpy  and  the  preparation  will  be  unsuitable 
for  feeding.  If  an  excess  of  acid  is  added,  the  curds  will 
separate — subsequently  if  not  at  once.  Larger  amounts  of 
acid  are  not  well  tolerated  by  the  infant  and  are  likely  to 
cause  vomiting.  Lactic  acid  accidentally  added  consider¬ 
ably  in  excess  of  the  required  quantity  causes  violent  gas¬ 
trointestinal  disturbance  in  the  baby.  Amounts  of  lactic 
acid  less  than  the  stated  requirement  serve  to  make  the 
milk  more  easily  digestible,  but  not  to  the  same  extent 
as  when  the  more  appropriate  quantity  is  used. 

Several  preparations  of  dried  lactic  acid  milk  are  on  the 
market.  These  preparations,  when  mixed  with  an  appro¬ 
priate  amount  of  water,  are  equivalent  to  freshly  prepared 
lu-oducts.  The  dilution  factor  usually  is  stated  on  the  label. 
In  geneial  0V2  packed  level  tablespoonfuls  are  equivalent 
to  one  ounce  avoirdupois.  A  normal  dilution  of  1  to  8 
would  be  obtained  by  adding  1  packed  level  tablespoonfiil 
(15  ml.)  to  2  ounces  (60  ml.)  of  water. 

At  times  the  use  of  skimmed  lactic  acid  milk  is  desirable. 
Acidification  of  skimmed  milk  differs  in  no  way  from  that 
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oi  whole  milk,  except  that  a  smaller  quantity  of  acid 
usually  is  re({uired  to  produce  suitable  curd  formation. 
Several  preparations  of  dried  skimmed  lactic  acid  milk  are 
on  the  market. 

Citric  Acid  Milk 


Citric  acid  milk  is  fully  as  useful  and  serves  the  same 
purpose  as  lactic  acid  milk.  It  is  somewhat  easier  to  jore- 
pare  in  that  extremely  slow  addition  of  the  acid  to  the  milk 
is  not  essential  and  the  milk  need  not  be  quite  so  cold  when 
the  acid  is  added.  Large  curds  are  not  easily  formed,  even 
though  the  acid  is  added  rapidly.  The  curds  produced  by 
the  addition  of  citric  acid  usually  are  smaller  than  those 
formed  by  the  addition  of  lactic  acid.  A  moderate  excess 
of  citric  acid  is  not  so  toxic  as  a  similar  excess  of  lactic 
acid.  The  amount  of  citric  acid  required  costs  approxi¬ 
mately  only  one-fourth  as  much  as  does  the  required 
amount  of  lactic  acid,  when  prescription  charges  are  ex¬ 
cluded.  These  various  advantages  cause  citric  acid  to  be 


preferred  by  many  physicians. 

Citric  acid  is  marketed  as  a  dry  powder.  The  amount 
required  to  acidify  average  dairy  milk  is  3  grams  for  each 
liter  or  quart ;  for  most  Holstein  milk,  2  grams  to  the  liter 
is  sufficient.  Citric  acid  is  used  most  conveniently  as  a  25 
per  cent  solution.  Each  teaspoonful  (4  ml.)  of  such  a  solu¬ 
tion  contains  1  gram  of  citric  acid.  Solutions  of  citiic  acid 
lireferahly  are  kept  refrigerated  in  order  to  prevent  the 
growth  of  molds.  With  appropriate  refrigeration,  stock 
solutions  keei:»  satisfactorily  for  several  months.  If  the  dry 
powder  is  used,  it  should  be  put  into  solution  before  being 
added  to  the  milk.  One  level  teaspoonful  of  the  powder 
weighs  approximately  2  grams. 

Citric  acid  milk  is  prepared  in  the  same  manner  as  has 
been  described  for  lactic  acid  milk.  The  milk  is  boiled 
tlien  cooled.  Wlien  the  milk  is  cold,  the  acid  is  acUed 
slowly,  with  con-stant  stirring.  The  amount  to  he  added 
is  that  which  iirodiices  definite  curdling. 
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Citric  iicid  milk  iiuiy  be  prepared  by  llie  addition  ot  t  le 
iiiiee  of  citrus  fruits.  For  tliis  purpose  orange  .luiee  is 
coiiniionly  employed,  and  in  tlie  amouiit  ot  (,0  niilliliteis 
(2  ounces)  to  the  liter  or  ipiart  ot  milk.  Lemon  juice  also 
lias  been  used  in  tlie  pro])ortion  of  25  ml.  to  tlie  liter  or 

quart. 

Other  Acid  Milks 

Acetic  acid,  as  vinegar  or  as  acetic  acid  U.S.P.,  has  been 
used  liy  some  pediatricians.  Tlie  proportion  recommended 
is  GO  inilliliters  (2  ounces)  of  cider  vinegar,  or  2  teaspoon¬ 
fuls  (8  ml.)  of  36  per  cent  acetic  acid  U.S.P.,  to  the  liter 
or  quart  of  milk.  Acetic  acid  is  readily  burned  by  the 
body  and  milk  prepared  vitli  acetic  acid  should  be  as  use¬ 
ful  as  that  prepared  with  citric  or  lactic  acid. 

1  Ivdrochloric  acid  has  heen  recommended  as  an  acidify- 
ing  agent.  In  general  it  seems  preferalile  to  use  an  easily 
oxidizahle  organic  acid,  rather  than  a  mineral  acid  that 
must  he  neutralized  and  excreted. 

A  Standard  Acid-Milk  Formula 

Sugar  is  added  to  acid  milk  in  the  same  proportions  as 
to  sweet  milk,  namely,  6  to  8  per  cent  of  the  amount  of  milk 
for  infants  up  to  G  or  7  months  of  age  and  smaller  quan¬ 
tities  thereafter.  With  an  addition  of  6  per  cent,  the  en- 
ei’gy  value  of  lOO  ml.  of  the  mixture  is  approximately  90 
calories  if  prepared  from  average  milk,  85  calories  if  pre- 
l)ared  from  Holstein  milk.  The  energy  value  of  one  ounce 
is  27  calories  from  average  milk,  25  calories  from  Holstein 
milk.  Two  ])er  cent  more  sugar  adds  8  more  calorie?  to 
the  100  ml.  (2.4  to  the  ouiu^e). 

Such  a  mixture  of  acid  milk  and  sugar  is  so  easily 
digestihle  that  it  may  he  fed  without  dilution  to  most  in¬ 
fants  from  the  time  of  hirth.  .Aloderate  dilution  is  unob- 
.jectionable.  However,  one  of  the  chief  advantages  of  a<?id 
milk  mixtures  is  that  they  may  be  fed  in  a  concentrated 
state  and  that  an  adequate  energy  intake  is  thereby  as- 
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sured.  In  the  case  of  normal  infants,  little  danger  of  over¬ 
feeding  exists,  and  relatively  few  conditions  arise  that 
make  necessary  a  change  in  the  formula.  The  same  for- 
inula  is  used  for  months  at  a  time,  the  only  change  being 
inciease  in  the  volume,  which  is  determined  by  the  in¬ 
creased  demand  as  the  infant  liecomes  older.  The  formu¬ 
las  are  of  such  a  type  that  individualization  is  easily  pos¬ 
sible,  though  usually  unuecessary.  The  statement  is  fre- 
cpiently  made  that  no  two  babies  can  lie  fed  in  the  same 
mannei  and  that  the  formula  must  be  individualized  in 
each  case.  This  may  be  true  when  certain  types  of  formu¬ 
las  are  used,  but  it  is  not  true  in  the  case  of  foods  that 
meet  the  requirements  in  the  manner  they  are  met  by 
acidified  milk  formulas.  Tlie  success  of  human  milk  as  an 
infant  food  is  an  excellent  example  of  the  lack  of  necessity 
for  individualization  for  most  babies.  After  the  first  weeks 
of  lactation  human  milk  has  a  relatively  constant  composi¬ 
tion  throughout  the  remainder  of  the  nursing  period.  The 
only  changes  in  the  feeding  of  the  breast-fed  infant  are  in 
the  total  amounts  taken  and  the  additions  of  other  foods 
to  the  diet. 

Table  VIII 


Outline  for  Feeding  Normal  Infants  With  Undiluted  Acid-Milk 

Mixtures 


age 

MONTHS 

ACID  MILK 

OUNCES  ML. 

SUGAR 

OUNCES  GM. 

NUMBER 

FEEDING 

OUNCES  ML. 

1 

T 

12 

360 

20 

6 

o 

60 

1 

18 

540 

1 

30 

6 

3 

90 

2 

21 

630 

li 

35 

() 

31 

100 

.3 

24 

720 

1* 

45 

6 

4 

120 

3 

25 

750 

11 

45 

5 

5 

150 

.  4 

27-1 

825 

u 

45 

5 

51 

165 

5 

30 

900 

ll 

50 

5 

6 

180 

6-7 

35 

1050 

2 

60 

5 

7 

210 

Fui-  additional  foods  see  Chapter  XVIII. 


The  outline  of  Table  VIII  for  the  feeding  of  the  normal 
infant,  like  preceding  similar  outlines,  is  only  tentative. 
The  proportion  of  sugar  to  milk  is  approximately  6  per 
cent.  The  sugar  is  calculated  as  a  dry  powder.  If  syrup 
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is  used,  the  allowances  for  volume  must  be  altered.  The 
total  volume  taken  by  the  infant  will  be  regulated  largely 
by  his  desire  for  food.  In  starting  a  young  infant  on  tins 
schedule  it  may  be  desirable  to  use  milk  from  which  a 
portion  of  the  cream  has  been  removed,  unless  Holstein 
milk  is  selected.  By  the  use  of  an  undiluted  acid-milk 
formula  babies  may  have  a  live-feeding  schedule,  if  de¬ 
sired,  at  an  age  earlier  than  is  customary  with  dilution 
formulas,  liecaiise  of  the  greater  concentration  and  energy 
value  of  the  acid-milk  mixture. 

The  preparation  of  an  acid-milk  mixture  may  be  accom¬ 
plished  by  stirring  into  the  purchased  or  prepared  acid 
milk  the  appropriate  quantity  of  sugar.  No  further  heat 
treatment  is  necessary  or  desiralile.  If  a  single  formula 
is  to  be  prepared  from  SAveet  milk,  a  satisfactory  procedure 
is  to  mix  the  appropriate  amounts  of  fresh  milk  and  sugar, 
boil  the  mixture,  cool  to  a  low  temperature  and  acidify 
Avith  the  amount  of  acid  calculated  for  the  amount  of  milk 
used.  Occasionally  batches  of  flavored  corn  syrup  are  en¬ 
countered  that  are  not  neutral,  and  in  these  circumstances 
they  may  contain  enough  acid  to  alter  considerably  the 
amount  of  acid  required  for  ])r()per  acidification. 

Acidified  Evaporated  Milk  Formulas 

Evaporated  milk  may  be  acidified  in  the  same  manner 
as  fresh  milk,  except  that  only  about  tAvo-thirds  as  much 
acid  is  required  for  an  equal  A’olume  of  reconstituted  e\"ap- 
orated  milk,  and  preliminary  boiling  of  the  milk  is  unneces¬ 
sary. 

Often  acidified  evaporated  milk  is  fed  after  dilution  Avitli 
an  equal  volume  of  Avater.  When  the  milk  has  been  acidi¬ 
fied  and  has  had  added  to  it  an  apjiropriate  amount  of 
sugar,  it  may  be  fed  safely  in  this  concentration  to  babies 
three  months  of  age  and  older.  Such  concentration  in  the 
ecylier  months,  hoAvever,  is  likely  to  cause  gastrointestinal 
disturbance.  For  the  youngest  babies  a  mixture  of  one 
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part  of  evaporated  milk  with  two  parts  of  water  is  pref¬ 
erable,  even  thong-h  the  mixture  has  been  acidified. 

As  a  convenient  variant  in  the  procedure  of  preparation 
of  a  formula,  the  water,  sugar,  and  acid  may  be  mixed  and 
kept  as  a  stock  solution.  As  needed,  it  is  mixed  with  evap¬ 
orated  milk  in  equal  volume  for  infants  three  months  of 
age  and  older.  The  resulting  formula  is  approximately 
equivalent  to  whole  acid  milk  with  6  per  cent  added  sugar, 
and  may  be  used  in  the  same  manner.  The  acid-sugar  stock 
solution  should  contain  120  gi-ams  (12  per  cent)  of  sugar 
and  either  8  ml.  of  lactic  acid  or  4  grams  of  citric  acid  to 
the  liter  of  mixture.  If  citric  acid  is  used,  all  the  ingre¬ 
dients  can  be  mixed  and  then  boiled.  If  lactic  acid  is  used, 
the  acid  is  added  after  the  sugar  and  water  mixture  has 
been  boiled  and  .cooled.  The  stock  solution  keeps  well  for 
several  days. 


CHAPTER  XVII 


SPECIAL  AND  PROPRIETARY  FOODS 


Goat’s  Milk 


Goat’s  milk  lias  approximately  the  same  compositmn  as 
cow’s  milk  and  may  he  used  in  the  same  manner  for  inian 
feedim>'.  The  jiroportion  of  hudallminin  is  slightly  higher 
than  in  cow’s  milk.  The  curd  tension  of  goat’s  milk  is 
appreciably  lower  than  that  of  cow’s  milk.  Average  values 
1‘or  the  percentage  ('omposition  oi  goat’s  milk  aie  state^l 
to  he:  fat  3.5  to  4.0,  lactose  4.8,  protein  3.5,  and  ash  0.7. 
The  vitamin  content  in  milligrams  for  each  100  milliliters 
is  ascorbic  acid  O.Go,  thiamine  0.04 riboflavin  0.125,  niacin 
0.30,  and  pantothenic  acid  0.34.  'I’he  vitamin  A  content 

is  similar  to  that  of  cow’s  milk. 

Most  of  the  claims  commonly  made  for  the  superiority  of 


goat’s  milk  are  unjustified.  It  is  no  more  readily  digested 
than  cow’s  milk.  Goats  are  less  susceptible  to  tuberculosis 
than  cows,  ])ut  goat’s  milk  is  more  likely  to  he  contami¬ 
nated  with  the  organism  of  undulant  fever.  Heat  treat¬ 
ment  of  the  milk  is  desirable  for  infant  feeding,  as  in  the 
case  of  cow’s  milk.  Like  cow’s  milk,  goat’s  milk  is  avail¬ 
able  in  evaporated  and  dried  forms. 

In  some  parts  of  the  world  goat’s  milk  is  much  more  com¬ 
monly  used  for  general  human  consumption  than  is  cow’s 
milk.  In  this  country  cow’s  milk  is  available  everywhere, 
and  goat’s  milk  is  used  largely  for  special  indications.  The 
chief  indication  for  its  use  is  in  the  case  of  infants  who  are 


sensitive  to  the  proteins  of  cow’s  milk  and  develop  allergic 
manifestations  when  cow’s  milk  is  fed.  Some  of  these  in¬ 
fants  are  allergic  to  goat’s  milk  also,  but  many  are  not.  No 
sound  basis  exists  for  the  substitution  of  goat’s  milk  for 
cow’s  milk  in  the  dietary  management  of  babies  who  have 
feeding  difficulties. 
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Macrocytic  anemia  as  a  result  of  the  use  of  goat’s  milk 
tor  infant  feeding  has  been  reported,  chiefly  in  the  foreign 
iteratiire.  The  anemia  does  not  respond  to  iron  therapy, 
hilt  IS  relieved  by  liver  or  liver  extracts.  That  the  anemia 
IS  caused  by  deficiency  of  one  of  the  components  of  the 
yitamin-B  complex  has  been  implied.  Because  the  anemia 
IS  macrocytic,  it  appears  probable  that  deficiency  of  folic 
acid  is  involved.  With  correct  dietary  supplements,  the 
reported  occurrence  of  this  type  of  anemia  need  not  be  a 
deterrent  to  the  use  of  goat’s  milk. 

Dried  Milk 

Both  powdered  whole  milk  and  powdered  skimmed  milk 
are  commercially  available.  A  federal  definition  and  stand¬ 
ard  exists  for  dried  whole  milk  and  all  products  may  be  ex¬ 
pected  to  have  approximately  the  same  composition.  Pre¬ 
vious  to  drying,  the  milk  is  adjusted  to  a  fat  content  of  3.5 
per  cent.  The  dried  skimmed  milks  vary  in  fat  content,  be¬ 
ing  prepared  from  milk  with  a  fat  content  of  from  0.1  to  1.5 
per  cent. 

Table  IX 

Composition  op  Dried  Milk 


WATER 

protein 

FAT 

CARBO¬ 

HYDRATE 

ASH 

calories 
OUNCE  100  GM. 

Whole  milk 
Skimmed  milk 

3.5 

1.5-3.5 

25.8-27.2 

32-37.4 

26.7-28 

1-12 

36.8-38 

46-52 

5.8-6 

7-8.4 

141-149 

103-121 

495-510 

325-430 

Milk  is  dried  by  either  a  spray  or  a  drum  process,  fin  the 
spray  drying  of  milk,  pasteurized  milk  is  sprayed  in  fine 
streams  into  a  hot  chamber  through  which  a  current  of  hot 
air  is  passed;  the  drying  is  almost  instantaneous  and  the 
dried  jiowder  falls  to  the  bottom  of  the  chamber.  In  the 
hot  roller  or  drum  process  the  milk  is  run  in  a  thin  stream 
onto  steam-heated  rollers,  either  under  atmospheric  pres¬ 
sure  or  in  a  partial  vacuum;  the  dried  milk  is  automatically 
scraped  from  the  rollers.  Milk  dried  on  drums  under  at- 
mosjilieric  pressure  disperses  in  water  less  readily  than 
milk  dried  in  the  other  ways. 
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Dried  milk  is  not  sterile,  Init  it  contains  few  bacteria  and 
none  that  are  pathogenic.  The  losses  of  thiamme  and 
ascorbic  acid  are  approximately  the  same  as  foi  the  p 
teurization  of  milk;  the  greater  losses  that  might  be  ex¬ 
pected  are  avoided  by  the  great  rapidity  of  the  dryin„ 
process.  The  changes  in  the  casein  incident  to  drying  gu^e 
rise  to  fine  curd  formation  after  ingestion.  Tlie  fat  of  dried 
milk  tends  to  liecome  rancid  on  storage;  for  this  reason  the 
powdered  whole  milks  and  some  of  the  partially  defatted 
milks  are  packed  in  an  atmosphere  of  nitrogen.  In  the 
large-scale  commercial  use  of  dried  skimmed  milks,  this 
precaution  nsnally  is  unnecessary  and  the  product  is  packed 
in  barrels. 

Dried  whole  milk  may  be  reconstituted  to  its  original 


volume  and  used  for  infant  feeding  in  the  same  manner  as 
fresh  milk.  In  order  to  obtain  the  equivalent  of  tlie  origi¬ 
nal  milk,  one  part  by  weight  of  the  powdered  milk  is  mixed 
with  seven  parts  of  water.  Four  packed  level  tablespoon- 
fnls  of  dried  whole  milk  weighs  approximately  30  grams 
(one  oimce)  avoirdupois. 

In  order  to  obtain  the  equivalent  of  the  original  skimmed 
milk  by  the  use  of  dried  defatted  milk,  one  part  by  Aveiglit 
of  the  powder  is  mixed  with  nine  parts  of  water.  Skimmed 
milk  in  its  normal  dilution  is  not  well  suited  to  the  routine 
feeding  of  infants,  chiefly  because  of  the  low  energy  value. 
An  appropriate  formula  may  be  devised,  however,  by  using 
a  larger  quantity  of  the  skimmed  milk  powder  than  would 
be  used  of  whole  milk  powder.  A  commonly  employed 
formula  consists  of  20  to  25  grams  of  dried  skimmed  milk 
for  each  kilogram  of  body  weight  (or  one-third  ounce  for 
each  pound),  with  sufficient  added  sugar  to  meet  the  en- 
ergy  requirement  and  sufficient  water  to  make  the  volume 
of  formula  customary  for  the  age.  A  formula  prepared  in 
this  manner  contains  less  vitamin  A  than  one  prepared 
f  1  om  whole  milk,  but  otherwise  is  fully  eipiivalent  nutri¬ 
tionally.  Some  dried  skimmed  milks,  pre])ared  es])ecially 
for  infant  feeding,  are  foitified  with  vitamin  A. 
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One  valuable  use  of  dried  skimmed  milk  is  in  the  prep¬ 
aration  of  concentrated  formulas  suitable  for  the  feeding  of 
infants  who  will  take  only  small  volumes  and  yet  who  have 
fairly  high  energy  and  protein  requirements.  In  the  feed¬ 
ing  of  prematurely  born  infants  with  human  milk,  better 
lesiilts  often  are  obtained  if  some  dried  skimmed  milk  is 
added  to  the  hmnan  milk  before  feeding.  (See  Chapter 
XXVIT.)  ^ 

Carbohydrate  Preparations 

The  types  of  carboliydrates  used  in  infant  feeding  are 
discussed  in  Chapter  IV.  Perhaps  twoscore  or  more  of 
these  products  are  on  the  market,  all  intended  for  use  in 
modifying  milk.  Even  to  list  them  here  seems  unnecessary. 
For  more  detailed  information  concerning  the  nature  and 
composition  of  many  of  these  various  products  reference 
may  be  made  to  the  American  Medical  Association  publica¬ 
tion,  Accepted  Foods  and  Their  Nutritional  Significance. 
Despite  the  large  number  of  names  of  individual  products, 
the  only  carbohydrates  used  in  infant  feeding  are  lactose, 
sucrose,  starch,  and  the  starch  derivatives,  dextrin,  maltose 
and  dextrose;  also,  to  a  small  extent,  levulose,  present  as  a 
part  of  the  invert  sugar  of  such  foods  as  honey  and  lianana. 
The  proprietai’y  names  given  to  many  of  the  preparations, 
especially  the  dextrin-maltose  mixtures,  often  tend  to  give 
tlie  impression  that  the  foods  possess  unique  properties. 

Special  cereal  foods  for  feeding  infants  are  discussed  in 
Cliapter  XVIII. 

Condensed  Milk 

Sweetened  condensed  milk  is  prepared  by  heating  whole 
milk  to  approximately  90°  C.,  adding  sugar,  and  maintain¬ 
ing  the  mixture  at  tliis  temperature  for  a  period  of  time. 
It  is  then  condensed  in  vacuum  pans  at  a  temperature  of 
approximately  55°  C.  to  about  one-third  of  the  original 
volume  and  two-fifths  of  the  original  weight.  By  definition 
it  must  contain  not  less  than  8  ])er  cent  milk  fat  and  not 
le.ss  tlian  28  per  cent  total  milk  solids.  The  average  per¬ 
centage  composition  is  shown  in  Table  X. 
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WATEK 

PROTEIN 

FAT 

LAC¬ 

TOSE 

SU¬ 

CROSE 

ASH 

CALORIES 

FL.  OZ.  100  GM. 

Condensed  milk 
1:8  dilution  by 
volume 

27.5 

8.1 

1.2 

9 

1.3 

11.5 

1.8 

42 

6.8 

1.9 

0.3 

J.  ^  0  V 

16  42 

The  product  is  not  heat-processed  after  canning  and  is 
not  sterile,  the  high  sugar  content  being  depended  on  for 
l)reservation.  It  found  its  place  in  commerce  by  virtue  of 
))eing  the  form  in  which  milk  was  lirst  preserved  on  a  large 
scale.  Its  chief  use  is  in  cooking  and  candy  making, 
formerly  it  had  extensive  use  in  infant  feeding,  its  use  foi 
tills  purpose  at  the  present  time  probably  is  negligible.  In 
customary  dilutions  of  one  to  ten  and  one  to  eight  bA 
volume,  sweetened  condensed  milk  is  easily  digested,  so 
easily  that  this  property  may  be  considered  a  potential 
danger.  The  proportions  of  the  constituents  of  condensed 
milk  are  not  those  that  would  be  expected  to  promote  op¬ 
timum  nutrition,  the  milk  content  being  low  in  relation  to 
the  sugar.  Because  of  its  easy  digestibility,  it  is  often 
useful  in  tiding  over  periods  of  emergency  in  which  diges¬ 
tion  is  limited  or  impaired.  Its  continued  use  over  long 
periods  is  not  to  be  advised. 


Malted  Milk 

Malted  milk  is  prepared  by  mixing  whole  milk  with 
liquid  from  a  mash  of  barley  malt  and  wheat  Hour,  Avith  or 
without  the  addition  of  sodium  chloride  and  sodium  or  po¬ 
tassium  bicarbonate,  and  maintaining  conditions  to  permit 
full  diastatic  activity  of  the  malt.  The  mixture  is  then 
dried.  Malted  milks  vary  in  their  composition.  For  most 
of  them  the  content  of  milk  solids  is  approximately  30  per 
cent.  The  fat  content  varies  from  7  to  9  per  cent;  the 
protein  from  8  to  15  per  cent;  the  carbohydrate  from  70  to 
80  per  cent.  One  ounce  avoirdupois  has  an  energy  value  of 
approximately  118  calories.  Most  of  the  carbohydrate  and 
some  of  the  protein  are  derh^ed  from  the  cereal. 
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Malted  milk  is  a  useful  food,  but  it  is  not  of  appropriate 
proportions  for  infant  feeding.  The  ilisproportion  between 
imlk  and  carboliydrate  is  greater  than  in  sweetened  con- 
c  ensed  milk.  At  one  time  malted  milk  had  widespread  use 
in  the  feeding  of  infants;  at  present  it  has  little  or  none. 

Milk-Carbohydrate  Mixtures  Prepared  Exclusively  for 

Infant  Feeding- 

Niinieroiis  mixtures  of  milk  and  carboliydrate  in  con¬ 
densed  liquid  or  dried  states,  prepared  esjiecially  for  in¬ 
fant  feeding,  are  commercially  available.  For  use  it  is 
necessary  only  to  add  water.  No  two  of  these  products  are 
entirely  alike  and  description  of  them  individually  seems 
undesirable.  (For  their  composition  reference  may  be 
made  to  the  book.  Accepted  Foods  and  Their  Nutritional 
Significance,  American  Medical  Association.)  In  general 
these  foods  are  of  two  classes:  those  which  simulate  hu¬ 
man  milk  in  percentage  composition,  and  those  which  have 
no  such  semblance  but  are  more  comparable  to  ordinal'}^ 
cow’s  milk  dilution  formulas. 

It  is  apparent  that  the  prejiarations  resembling  cow’s 
milk  dilution  fonnulas  in  composition  have  the  same  use¬ 
fulness  as  cow’s  milk  dilution  formulas  prepared  in  the 
home.  It  is  not  so  clear  that  formulas  resembling  human 
milk  in  percentage  composition  are  of  as  great  value  as 
either  liuman  milk  or  ordinary  milk  formulas.  The  chief 
questions  involved  concern  the  amounts  of  nutritional 
essentials  present  in  relation  to  the  optimum  requirements 
for  good  growth.  Tlie  essentials  concerned  in  greatest  de¬ 
gree  are  jorotein  and  calcium.  In  Chaj)ters  III  and  VI  at¬ 
tention  is  drawn  to  the  greater  retention  l)y  the  body  of 
both  protein  and  calcium  when  the  amounts  of  these  fed  are 
greater  tlian  those  in  human  milk  and  are  of  the  same  mag¬ 
nitude  as  exist  in  ordinary  formulas.  The  argument  that 
the  greater  retentions  are  advantageous  seems  supportable. 
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1„  an  endeavor  to  make  some  of  tlie  preparations  moie 
like  luunan  milk,  the  milk  fat  has  been  replaced  by  mix¬ 
tures  of  fat  chosen  on  the  basis  that,  atter  being  mixed,  the 
combined  fat  has  the  same  physical  constants  as  those  o 
human  milk  fat.  While  at  one  time  a  mixture  with  such 
physical  properties  may  have  had  the  appearance  of  being 
advantageous,  newer  knowledge  of  fat  utilization  indicates 


no  superiority. 

To  some  of  tlie  preparations  in  the  group  under  discus¬ 
sion  has  been  added  iron,  thiamine,  wheat-germ  extract, 
vitamin  A,  vitamin  D,  or  some  combination  of  these,  all  in 
the  endeavor  to  meet  known  nutritional  needs  of  infants  for 
these  materials. 

One  of  the  preparations  resembling  ordinary  formulas 
after  dilution,  has  had  the  butter  fat  replaced  liy  corn  oil. 
The  purpose  in  this  instance  is  not  to  simulate  human  milk 
fat,  but  to  provide  fat  somewhat  more  readily  utilized  by 
delicate  and  prematurely  born  babies  than  is  cow’s  milk 


fat. 


FOODS  DESIGNED  TO  MEET  SPECIAL  CONDITIONS 

Protein  Milk  (Albumin  Milk,  “Eiweiss  Milch”) 

Protein  milk  is  a  special  type  of  milk  mixture,  designed 
l)y  Finkelstein  and  Meyer  for  the  feeding  of  infants  suffer¬ 
ing  from  diarrhea.  The  use  of  protein  milk  for  this  pur¬ 
pose  is  discussed  in  Chapter  XX. 

Protein  milk  is  skimmed  lactic  acid  milk  to  which  have 
l)een  added  the  curds  from  whole  milk.  It  possesses  the 
advantages  of  acid  milks  in  having  a  low  buffer  value  and 
small  curds.  It  -contains  very  little  of  the  fermentable 
lactose  and  less  of  the  whey  salts  than  whole  milk.  The 
fat  content  also  is  lower.  Protein  milk  is  a  poor  culture 
medium  for  bacteria  and  is  readily  digestible.  It  has  a 
high  casein  content,  which  favors  the  formation  of  firm 
stools. 
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Ill  tlie  preparation  of  protein  milk,  one  quart  of  whole 
milk  IS  warmed  to  liody  temperature,  rennin  is  added,  and 
the  milk  is  allowed  to  stand  until  coagulated.  The  curd 
IS  cut  into  small  cubes  with  a  knife  and  the  whole  is  trans¬ 
ferred  to  a  cheesecloth  liag  and  allowed  to  drain  for  one 
honr.^  During  this  time  the  curds  should  not  be  squeezed 
as  this  forces  out  fat.  The  drained  curd  is  turned  out  on 
a  wire  strainer  and  ridilied  through  with  a  wooden  spoon 
or  i^otato  masher.  One  pint  of  lactic  acid  skimmed  milk 
is  mixed  with  the  curds  and  the  whole  is  again  run  through 
the  sieve.  Water  is  then  added  to  bring  the  total  volume 
up  to  one  quart.  The  average  composition  of  protein  milk 
prepared  in  this  way  is:  fat,  2.5  per  cent;  sugar,  1.5  per 
cent ;  protein,  3.5  per  cent.  The  energy  value  is  about  13 
calories  to  the  ounce. 

The  preparation  of  i^rotein  milk  is  time-consuming  and 
it  is  difficult  to  prepare  a  satisfactory  product  in  the  home. 

Protein  milk  is  prepared  commercially  on  a  large  scale 
and  is  marketed  in  dried  form.  Dried  protein  milk  when 
mixed  with  a  sufficient  amount  of  water  gives  a  product 
which  is  as  satisfactory  as  freshly  prepared  liquid  protein 
milk. 

Hypoallergenic  Milks 

Heat  processing  of  milk  alters  the  protein  in  a  manner 
to  make  it  less  allergenic.  Some  babies  who  are  sensitive 
to  fresh  milk  are  able  to  take  evaporated  milk  without 
reaction.  Additional  heat  treatment  reduces  the  allergenic 
properties  still  further.  Whole,  skimmed,  and  dried  whole 
milks  that  have  been  processed  under  steam  pressure  for  a 
long  period,  are  commercially  available  as  “hypoallergic” 
])roducts.  The  amino  acids  lysine  and  methionine  may  be 
destroyed  by  overheating.  Whether  such  destruction  oc¬ 
curs  under  the  long  heat  treatment  necessary  to  produce 
hypoallergenic  products  has  not  lieen  determined.  Until 
further  knowledge  is  available  these  products  should  not 
be  fed  indiscriminately  or  for  indefinite  periods. 
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Milk  Substitutes 

Babies  who  are  allergic  to  milk  products,  regardless  of 
how  they  are  processed,  often  require  a  food  formula  that 
contains  no  milk.  Two  types  of  such  foods  are  on  the 
market.  In  one  of  these,  soybeans  supply  the  protein  base; 
in  the  other,  a  hydrolysate  of  casein.  To  the  basic  material 
are  made  appropriate  additions  of  certain  nutritional  essen¬ 
tials;  these  additions  include  minerals,  fat  and  sugar,  and 
in  some  preparations,  vitamins  of  the  B  group.  For  suc¬ 
cessful  use  of  these  preparations,  thought  must  be  given 
to  nutritional  essentials  not  included,  particularly  vitamins. 
That  the  soybean  preparations,  when  properly  supple¬ 
mented,  support  nutrition  adequately  has  been  abundantly 
demonstrated  in  the  case  of  babies  old  enough  to  be  re¬ 
ceiving  fruits,  vegetables,  and  other  foods  customarily 
given  in  the  latter  part  of  the  first  year.  For  feeding 
younger  babies,  and  in  the  absence  of  all  these  supplements, 
the  casein  hydrolysate  preparations  are  preferalile  to  soy¬ 
bean  preparations.  Extra  additions  of  B  complex,  pref¬ 
erably  from  unpurified  natural  source,  should  be  given  to 
very  young  infants  in  addition  to  the  customary  additions 
of  vitamins  A,  C,  and  B.  The  protein  of  soybean  should 
be  fed  at  a  level  50  per  cent  higher  than  that  of  milk  pro¬ 
tein,  in  order  that  all  essential  amino  acids  may  be  present 
in  adequate  amounts. 


CHAPTER  XVIII 

the  diet  of  the  normal  infant 

Milk 

Milk  is  the  basic  food  of  the  infant  in  that  it  constitutes 
the  gi  eater  part  of  the  bulk  of  the  diet  and  supplies  the 
laig’ei  part  of  the  nutritional  essentials  which  the  baby 
needs.  Other  foods  are  added  to  the  diet  from  time  to  time, 
some  from  the  beginning,  in  order  to  make  the  diet  nutri¬ 
tionally  complete,  and  also  to  accustom  the  baby  to  varie- 
Les  in  flavors  and  consistencies  of  food  so  that  good  feed¬ 
ing  habits  will  develop. 

The  amount  of  milk  required  l)y  the  infant  during  the 
first  year  is  discussed  in  Chapter  XIV.  By  the  end  of  the 
first  year  most  babies  are  receiving  a  quart  or  liter  daily. 
During  the  second  year  a  similar  amount  is  to  be  considered 
desirable,  though  pints  (750  ml.)  may  meet  the  needs  of 
many  infants.  For  healthy  infants,  heat  treatment  of  milk 
is  unnecessary  during  the  second  year  from  the  standpoint 
of  increasing  the  digestibility.  However,  it  is  important 
that  the  milk  be  l)acteriologically  safe,  and  heat  treatment 
(pasteurization  or  boiling)  is  the  best  way  to  make  certain 
of  the  milk ’s  safety. 

Cod-Liver  Oil 

The  reciuirement  for  vitamin  1)  is  amply  met  by  300  to 
400  units  of  this  factor  in  the  form  of  cod-liver  oil  or  a 
less  concentrated  source  (see  Chapter  VII).  Since  mini¬ 
mum  standard  cod-liver  oil  contains  approximately  310 
units  to  the  teaspoonful  (4  ml.),  a  teaspoonful  daily  of  even 
a  relatively  poor  grade  of  oil  is  adequate.  Of  more  potent 
cod-liver  oils,  a  proportionate  part  of  a  teasi^oonful  is  suf¬ 
ficient.  The  baby  needs  vitamin  D  from  the  beginning  and 
its  administration  should  l)e  started  in  the  first  two  weeks 
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after  birth.  The  dose  may  be  small  at  the  start, ^  but  it 
should  increased  rapidly  until  the  full  quota  is  being  ad¬ 
ministered.  The  dosage  of  300  to  400  units  daily  should  be 
continued  throughout  the  growth  period  including  the  sum¬ 
mer  months  unless  a  special  planned  program  of  exposuic 
to  sunshine  is  followed.  If  more  concentrated  preparations 
are  used,  such  as  viosterol,  a  50  per  cent  larger  number  of 
units  should  be  taken.  P>abies  who  receive  vitamin  1)  milk 
do  not  need  additional  vitamin  1). 


Orange  Juice  and  Tomato  Juice 

The  primary  puiqiose  for  giving  orange  or  tomato  juice  is 
to  supply  vitamin  C.  For  breast-fed  babies  whose  mothers 
are  receiving  a  good  diet,  no  vitamin  C  is  necessary,  though 
its  administration  does  no  harm.  Vitamin  C  is  essential  for 
the  artificially  fed  baby  and  the  need  exists  soon  after 
liirth  or  after  breast  feeding  is  stopped.  Orange  juice,  an 
excellent  source  of  vitamin  C,  is  almost  routinely  given  to 
infants,  but  often  not  as  early  or  in  as  large  a  quantity  as 
seems  desirable.  At  least  an  ounce  (30  ml.)  of  orange  juice 
should  be  given  to  the  young  baby  and  at  least  two  ounces 
(60  ml.)  by  the  time  the  baby  has  reached  the  age  of  three 
months.  If  desired,  a  small  amount  may  be  given  at  first 
and  the  quantity  may  be  increased  rapidly  until  the  full 
quota  is  being  taken.  From  the  point  of  view  of  digestion, 
orange  juice  may  be  considered  merely  a  10  per  cent  solu¬ 
tion  of  dextrose,  a  material  that  causes  no  digestive  dis¬ 
turbance  in  the  youngest  of  babies  in  amounts  much  larger 
than  those  under  discussion.  In  |)rivate  practice,  api^ar- 
entl\  many  babies  are  unable  to  take  orange  juice  without 
undesiiable  s^iujitoms,  but  in  institutional  ])ractice  such  an 
occurrence  is  rare. 


Perhaps  the  next  best  substitute  for  orange  juice  as  a 
source  of  vitamin  C  for  babies  is  tomato  juice.  In  general, 
natural  foods  are  ])referable  to  pure  vitamins  or  concen- 
hates  because  of  other  nutritional  essentials  they  contain 
including  iierhaps  essential  materials  still  ‘unknown’. 
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Shglitly  more  tlian  twice  as  much  tomato  juice  as  of  orange 
juice  IS  required  to  supply  tlie  same  amount  of  vitamin  C. 
Ascorbic  acid  may  be  given  instead  of  either  of  these  foods; 
this  practice  has  l)ecome  common.  Jfowever,  recent  studies 
mdicate  that  the  ascorliic  acid  of  orange  juice  is  better  util¬ 
ized  by  the  ba))y  than  the  same  amount  given  as  crystalline 
ascorbic  acid.  Potassium  citrate  given  with  ascorbic  acid 
inci eased  its  utilization,  but  not  to  the  degree  observed 
when  orange  juice  was  given.  When  ascorbic  acid  is  used, 
the  amount  usually  given  is  25  mg.  or  a  multiple  thereof, 
liecause  this  is  a  standard  size  of  the  commercial  tablets. 

As  the  baby  becomes  older,  the  increased  requirement  for 
ascorbic  acid  may  be  met  usually  without  an  increase  of  the 
amount  of  orange  juice  beyond  two  or  three  ounces  daily. 
The  fruits  and  vegetables  that  should  be  added  to  the  diet 
after  the  baby  is  four  or  five  months  of  age  may  be  ex¬ 
pected  to  contribute  significantly  to  the  day’s  intake. 


Eg-g: 

When  a  young  baby  is  receiving  human  milk,  or  a  cow’s 
milk  formula,  and  siii^plements  of  cod-liver  oil  and  orange 
juice,  the  diet  presumably  contains  all  nutritional  essentials 
in  sufficient  amount  except  iron  and  j^ossibly  thiamine  (see 
Chai:>ters  VI  and  VII).  Egg  yolk  is  a  fair  source  of  both 
these  materials  and  it  has  become  widely  customary  to  add 
egg  yolk  daily  to  the  diet  of  the  infant.  Custom  ditfers 
somewhat  as  to  the  age  at  which  this  addition  is  made,  but 
the  addition  at  three  months,  or  between  three  and  four 
months  of  age,  has  a  logical  basis.  A  fear  that  formerly 
existed  that  the  feeding  of  egg  in  early  infancy  might  lead 
to  the  develo])ment  of  sensitivity  to  egg  protein  seems  un¬ 
founded  in  the  light  of  extended  clinical  experience  in  in¬ 
stances  in  which  only  the  yolk  has  been  fed.  It  is  desirable 
that  the  egg  l)e  cooked.  In  starting  egg-yolk  feeding,  it  is 
usually  preferable  to  begin  with  a  small  amount  and  to 
increase  the  daily  amount  gradually  until  an  entire  yolk 
is  being  fed. 
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For  the  artilicially  fed  l)al)y,  tlie  egg  yolk  may  be  added 
to  the  formula.  The  formula  is  prepared  as  described  in 
Chapter  XIV  and  is  boiled.  The  egg  yolk  is  separated  from 
the  white,  and  to  it  are  added  two  or  three  tablespoonfuls 
of  cold  boiled  water,  and  the  water  and  yolk  are  mixed  well. 
To  this  mixture  is  added  an  ecpial  amount  of  the  hot  feed¬ 
ing  and  the  whole  is  stirred  thoroughly.  The  yolk  mixture 
is  then  strained  into  the  hot  feeding  with  constant  stirring. 
The  entire  feeding  is  then  placed  over  a  flame  and  is 
brought  to  the  boiling  point;  it  is  then  ready  for  bottling. 

For  either  breast-fed  or  artificially  fed  babies  the  egg 
yolk  may  be  made  into  a  soft  custard,  which  is  fed  with  a 
spoon.  Usually  a  good  time  to  give  it  is  with  the  evening 
feeding.  The  custard  may  be  prepared  by  mixing  one  egg 
yolk  Avith  four  ounces  of  milk  (120  ml.)  and  one  teaspoonful 
of  sugar,  and  heating  iu  a  cup  by  placing  the  cup  in  boiling 
water. 


Another  procedure  is  to  hard-cook  the  egg,  then  to  sepa¬ 
rate  the  yolk  and  pass  it  through  a  sieve  or  crumble  it  Avith 
a  fork,  and  make  an  egg-yolk  paste  Avith  a  small  amount  of 
formula.  The  mixture  is  then  fed  Avith  a  spoon. 

ToAA^ard  the  end  of  the  first  year  the  l)aby  may  be  given 
the  entire  egg.  The  chief  reason  it  is  not  commonly  given 
earlier  is  the  possibility  that  sensitivity  to  protein  of  egg 
Avhite  may  develop  as  a  result  of  the  feeding.  The  older 
baby  is  not  so  likely  to  absorb  unchanged  protein  and  there¬ 
fore  he  is  not  so  likely  to  become  sensitive.  At  Avhatever 
age  die  feeding  of  egg  Avhite  is  started,  it  should  be  given 
cautiously  and  in  small  amount  at  first.  When  it  is  evident 
that  no  allergic  resiionse  will  occur,  a  Avhole  egg  is  given 
daily.  It  may  be  prepared  suitably  as  a  soft  custard,  or  it 
may  be  coddled,  poached,  or  soft-boiled.  An  egg  mav  be 
considered  a  proper  addition  to  the  daily  diet  throughout 

the  remainder  of  infancy  and  for  an  indermite  period  sub¬ 
sequently. 
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Vegetables 

Vegetables  supplement  the  infant’s  diet  moderately  in 
vaiious  nutritional  essentials,  including  iron  and  tliiamine, 
the  two  materials  in  which  the  diet  of  the  young  infant  is 
most  likely  to  be  deficient.  A  suitable  age  for  starting 
'vegetable  feeding  is  four  months  or  between  four  and  five 
months.^  The  vegetables,  after  being  cooked,  should  be 
finely  divided  by  passage  through  a  sieve. 

Tomatoes,  spinach,  kale,  lettuce,  chard,  collards,  green 
beans,  carrots,  beets,  peas,  asparagus,  squash,  ^and  celery 
may  be  used  singly  or  in  combination.  All  these  vegetables 
are  available  ready-prepared  in  cans  under  various  brand 
names.  For  the  specific  nutritional  values  of  the  various 
canned  products  reference  may  be  made  to  the  book. 
Accepted  Foods  and  Their  Nutritional  Significance,  Ameri¬ 
can  Medical  Association.  The  canned  vegetables  of  one 
lirand  have  been  homogenized;  whatever  advantages  such 
preparations  may  have,  no  doubt  the  chief  one  is  that  they 
may  be  fed  at  an  earlier  age  than  the  coarser  foods. 

In  starting  the  feeding  of  sieved  vegetables,  a  small 
amount  is  given  at  first,  perhaps  a  tablespoonful,  and  the 
amount  is  increased  until  at  least  two  ounces  are  taken.  A 
good  time  of  day  to  feed  the  vegetables  is  just  preceding 
the  afternoon  milk  feeding.  When  the  baby  is  between 
eight  and  ten  months  of  age  vegetables  may  be  given  twice 
daily.  Beginning  at  seven  to  eiglit  months  of  age,  it  is  de¬ 
sirable  that  the  baby  should  become  accustomed  to  foods 
coarser  than  those  finely  sieved.  At  least  one  “chopped” 
or  mashed  vegetable  should  be  given  each  day  and  the 
amounts  gradually  increased  until  none  of  the  foods  is 
finely  sieved.  Babies  who  have  had  only  sieved  foods  up 
to  a  year  of  age  are  likely  to  refuse  the  coarser  foods  when 
offered.  For  the  development  of  good  feeding  habits  it  is 
necessary  that  the  baby  become  accustomed  early  to  variety 
in  texture  and  flavor. 

Between  ten  and  sixteen  months  the  total  daily  amount 
of  vegetables  served  may  be  three  to  four  ounces,  sub- 
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sequently  four  to  live  ounces.  Vegetables  sbould  have  an 
important  place  in  the  diet  after  the  first  feAV  months  of  in¬ 
fancy. 

Fruit 

Fruits  belong  in  the  group  of  so-called  protective  foods 
and  contribute  important,  though  moderate,  amounts  of 
several  nutritional  essentials.  The  content  of  iron  and 
thiamine  is  significant,  though  not  large.  'The  addition  of 
fruit  to  the  diet  relatively  early  in  infancy,  in  addition  to 
fruit  juice  already  discussed,  is  desirable  and  is  a  common 
practice. 

Fruits  coimnonly  used  cooked  are  prunes,  apples, 
peaches,  and  apricots.  One  commercial  preparation  also 
contains  pears  and  pineapple.  In  starting  the  feeding  of 
fruits  the  sieved  cooked  products  should  lie  given  in  small 
amomits,  and  the  amounts  should  be  gradually  increased 
until  approximately  two  ounces  are  taken.  A  suitable 
starting  age  is  between  five  and  six  months.  For  the  same 
reasons  which  have  been  discussed  in  the  case  of  vege¬ 
tables,  fruit  may  be  fed  twice  daily  beginning  lietween 
eight  and  ten  months,  and  at  about  eight  months  sieved 
fruits  should  be  replaced  gradually  by  “chopped”  or 
mashed  preparations.  The  feeding  of  fruit  should  be  con¬ 
tinued  throughout  the  remainder  of  infancy  and  subse¬ 
quently. 

Cereal 

The  feeding  of  cereal  as  the  baby’s  first  “solid  food” 
has  been  a  custom  for  many  centuries,  a  custom  obviously 
empirical  and  having  its  origin  at  a  time  when  no  scientific, 
knowledge  of  nutritional  requirements  existed.  Notwith¬ 
standing  the  present  trend  toward  the  earlier  introduction 
into  the  diet  of  foods  other  than  milk,  cereal  has  main¬ 
tained  Its  empirical  position  in  relation  to  other  foods 
and  ill  practice  tends  to  remain  the  “first  solid  food.’’ 

.  any  pediatrists  are  firmly  convinced  that  cereal  adds 
something  of  importance  to  the  diet  and  that  babies  who 
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receive  it  thrive  better  than  those  who  do  not.  Whatever 
ot  importance  cereal  contains,  obviously  it  is  not  calories. 
In  the  present  state  of  our  nutritional  knowledge  the  im¬ 
portant  contribution  of  cereals  to  the  diet  of  the  young- 
infant  appears  to  be  iron  and  thiamine.  When  babies  have 
been  receiving  only  a  milk  diet,  it  is  reasonable  to  expect 
impio\ed  nutritional  status  to  result  from  the  feeding  of 
a  ceieal  that  contains  these  two  nutritional  essentials. 

Kefined  cereals,  such  as  farina,  contribute  little  of  nu¬ 
tritional  value:  the  mineral  and  vitamin  contents  are  negli¬ 
gible.  On  the  other  hand,  whole-grain  cereals  make  a 
significant  contribution  of  certain  essentials.  In  Chapter 
in  the  discussion  of  iron,  and  in  Chapter  VII  in  the  dis¬ 
cussion  of  thiamine,  it  is  pointed  out  that  vegetables  and 
iruits  may  be  expected  to  supply  somewhat  greater  amounts 
of  both  iron  and  thiamine  than  the  cereals,  if  the  quan¬ 
tities  used  correspond  to  those  recommended  for  infant 
feeding.  When  the  quantities  of  fruits  and  vegetables  are 
of  the  magnitude  recommended  in  the  preceding  discussion, 
the  young  baby  usually  does  not  have  the  physical  capacity 
to  ingest  the  quantities  of  cereal  commonly  fed.  Because 
of  the  greater  contribution  of  vegetables  and  fruits  toward 
meeting  the  specific  needs  of  the  young  baby,  it  seems 
preferable  to  liave  vegetables  and  fruits  as  baby’s  ‘‘first 
solid  foods”  and  to  defer  the  feeding  of  cereal  until  the 
capacity  of  the  baby  has  increased  to  the  extent  that  he 
can  take  all  three  of  these  foods.  Even  then,  it  is  less  im¬ 
portant  to  feed  cereal  twice  daily,  a  common  practice,  than 
to  give  vegetables  or  fruits  twice  daily. 

Some  pliysicians  begin  the  feeding  of  cereal  at  three 
months  of  age.  In  conformance  with  the  preceding  dis¬ 
cussion  a  more  apjiropriate  age  would  be  six  or  seven 
months.  The  cereal  should  l)e  fed  only  once  a  day  and  the 
amount  given  usually  should  not  exceed  two  fluid  ounces 
of  the  ready-to-serve  matei-ial.  Wliole-grain  cereals  should 
be  given  iireference,  and  in  the  beginning  the  preparation 
sliould  be  sieved.  Cereal  once  a  day  should  be  considered 
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an  appropriate,  tlioiigli  not  essential,  part  of  the  diet  foi 
tlie  remainder  of  infancy  and  subsequently. 

Several  producers  of  ready-prepared  infant  foods  manu¬ 
facture  cereal  foods  that  have  been  fortified  with  iron  and 
the  vitamin-B  complex.  These  producers  have  recognized 
the  specific  nutritional  needs  of  the  young  infant  and  have 
provided  for  their  satisfaction  in  a  type  of  food  that  has 
precedence  as  a  ‘‘first  food.”  These  proprietary  cereal 
foods  usually  contain  significant  quantities  of  calcium,  in 
the  form  of  added  calcium  salts,  or  hone  meal,  or  dried  milk 
powder.  The  added  calcium  is  not  needed  by  the  artificially 
fed  hahy  receiving  appropriate  amounts  of  milk,  but  it  may 
he  very  useful  in  supplementing  the  calcium  intake  of  the 
breast-fed  baby.  Since  most  physicians  at  the  present  time 
prescribe  cereal  as  the  infant’s  first  solid  food,  it  is  impor¬ 
tant  that  the  preparation  employed  be  either  whole  grain 
or  one  of  the  proprietary  fortified  cereal  foods. 


Meat 

]\Ieat  appropriately  prepared  may  be  fed  at  any  age. 
When  well  cooked  and  minutely  divided,  it  is  easily  di¬ 
gested  l)y  the  young  infant.  Several  of  the  canned  soups 
sold  under  various  brand  names  contain  finely  divided 
meat.  Some  of  these  are  known  as  vegetable  soups  with 
cereal  and  meat;  some  preparations  consist  wholly  of  meat, 
togethei  Avith  the  water  of  cooking  and  seasoning.  The 
meats  commonly  available  in  such  preparations  are  beef, 
]iork,  and  lamb  muscle  meat,  beef  heart,  and  liver.  The 
madiine  processing  of  muscle  meat  results  in  a  more  finelv 
divided  product  than  can  be  prepared  convenientlv  in  the 
home.  However,  it  is  relatively  easy  to  pass  boiled  liver 
through  a  sieve.  Although  liver  iirepared  in  this  fasliiou 
m  the  home  is  easily  digested  hy  the  infant,  it  lias  not  vet 
hecome  ciistoiuaij  to  prescribe  it  for  a  young  bahv  except 
for  the  treatment  of  anemia.  ITome-sieved  liver  and  com¬ 
mercially  sieved  meats  may  he  fed  early  and,  if  desired 
they  may  substitute  for  some  of  the  vegetables ;  th  J  are  a 
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good  source  of  both  iron  and  thiamine.  Althongli  it  is 
common  piactice  to  withhold  home-prepared  meats  until 
the  baby  is  about  sixteen  months  of  age,  an  age  when  he 
should  have  enough  teeth  to  do  some  chewing,  cooked  meat, 
ground,  is  well  tolerated  by  the  ten-month-old  infant! 
Feeding  meat  occasionally  at  this  age  accustoms  the  baby 
to  food  of  firmer  texture.  Ground  lean  beef,  pork,  lamb, 
chicken,  or  liver  may  be  fed.  The  meat  may  be  fed  two  or 
three  times  a  week  and,  if  desired,  it  may  replace  for  those 
days  the  daily  egg  of  the  diet. 

Other  Foods 

Several  foods  not  essential,  but  properly  permitted  to 
the  baby,  have  not  been  mentioned  in  the  preceding  dis¬ 
cussions.  One  of  these  is  bread.  Bread,  either  as  toast  or 
zwieback,  is  commonly  given  in  small  amounts  at  about 
seven  months  of  age.  Perhaps  the  chief  value  lies  in  its 
contribution  toward  teaching  the  baby  to  chew.  Graham 
or  whole  wheat  crackers  also  may  he  used  in  the  same  man¬ 
ner.  As  the  baby  becomes  older,  liread  is  given  in  some¬ 
what  larger  quantity,  supplying  energy  and  serving  as  a 
vehicle  for  butter. 

Certain  fruits  and  fruit  juices,  not  mentioned  in  the  pre¬ 
ceding  discussion  because  they  are  not  in  common  use  for 
feeding  infants,  may  be  given  not  only  with  impunity  but 
with  nutritional  advantage.  Almost  any  fruit  considered 
suitable  for  an  older  child  or  adult  may  be  given  to  the  in¬ 
fant  when  appropriately  prepared.  Cooked  or  canned 
berries,  cherries,  plums,  raisins,  and  still  other  fruits  may 
be  fed.  For  the  young  baby  the  coarser  berry  seeds,  such 
as  those  of  the  ras])berry,  and  the  skins,  as  of  plums  for 
example,  should  be  removed.  Cranberries  should  be  fed 
cautiously  or  perhaps  not  at  all,  because  of  the  benzoic  acid 
content  and  the  effect  of  this  acid  in  reducing  the  utiliza¬ 
tion  of  calcium.  Fully  ripe  banana,  raw  or  cooked,  may 
be  fed  at  any  age;  it  should  be  mashed  for  the  young  baby. 
Citrus  fruits,  including  the  pulp,  may  be  fed  to  babies 
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lietween  one  and  two  years  of  age.  The  juices  of  all  the 
fruits  mentioned,  except  cranberry,  may  be  used.  Some 
of  them,  such  as  strawberr}^,  are  excellent  sources  of  vita¬ 
min  C  and  are  useful  as  variants  in  tlie  diet  and  as  sub¬ 
stitutes  for  orange  juice.  Pineapple  juice  also  is  a  fair 
source  of  vitamin  C.  Sometimes  citrus  fruits  are  outside 
the  cost  range  of  low-cost  diets  and  some  substitute  from 
among  the  indigenous  fruits  or  vegetables  iiecomes  de¬ 


sirable. 

Several  vegetables  not  mentioned  in  the  preceding  dis¬ 
cussion  are  appropriate  and  useful  in  infant  feeding.  Po¬ 
tato,  mashed  or  liaked,  is  readily  taken  and  digested  by 
the  baby  at  the  same  age  as  other  vegetables  (see  discus¬ 
sion  on  p.  242).  Although  potato  has  not  been  placed  on  the 
preferred  list,  it  is  nutritionally  superior  to  refined  cereals 
and  is  commonly  a  part  of  the  daily  diet  of  the  older  infant. 
Other  vegetables  that  may  he  given  from  time  to  time  are 
eggplant,  cauliflower,  cabbage,  sweet  iiotato,  broccoli,  tur¬ 
nips,  onions,  corn,  and  lima  beans.  In  some  parts  of  the 
country  frijole  beans  have  a  prominent  place  in  the  diet, 
and  canned  frijole  beans  prepared  for  infant  feeding  are 
on  the  market.  All  these  foods  should  have  the  hulls  or 
coarse  fibers,  as  the  case  may  be,  removed  by  sieving. 
Hhubarb  preferalily  should  not  be  used  for  infant  feeding 
because  of  the  oxalic  acid  content ;  spinach  and  beet  greens 
should  not  have  emphasis  in  the  diet  for  the  same  reason, 
though  these  greens  are  excellent  sources  of  certain  essen¬ 
tials,  particularly  carotene.  Cucumbers,  radishes,  and 
green  peppers  usually  are  undesirable. 


Many  variants  of  the  foods  discussed,  or  combinations  of 
these  foods,  may  lie  used  in  the  baby’s  diet.  For  example 
cottage  cheese  may  be  given  to  the  older  baby;  rennet  cus¬ 
tard  and  ice  cream  also  are  good  milk  foods.  Soups  mav 
be  prepared  from  vegetables,  milk,  and  butter.  Canned 
soups  of  vegetables,  cereal,  and  meat  are  commonlv  avaih 
e.  Although  egg  may  be  served  in  souffles  or  other 
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piepamtions  in  which  air  is  included,  it  is  seldom  that  an 
entire  egg  would  be  included  in  a  serving;  a  more  compact 
type  of  egg  preiiaration  is  to  be  preferred. 

General  Discussion 

During  the  latter  part  of  the  first  year  and  throughout 
the  second  year  the  following  foods  may  be  considered  as 
basic  or  more  or  less  essential  in  the  daily  diet:  at  least 
IMi  pints  (750  ml.)  of  milk;  at  least  one  egg  or  a  serving  of 
meat;  four  to  five  ounces  (120  to  150  ml.)  of  vegetables; 
four  or  five  ounces  (120  to  150  ml.)  of  fruit;  two  to  four 
teaspoonfuls  of  butter;  juice  of  one  orange  or  four  ounces 
(120  ml.)  of  tomato  juice;  one  teaspoonful  of  cod-liver  oil, 
unless  vitamin  D  milk  is  used.  Other  foods  are  added  for 
variety  and  to  satisfy  tlie  a]i]ietite  and  energy  requirement. 
These  include  bread  and  cereals.  Foods  not  on  the  basic 
list  ordinarily  should  not  1)e  peiTiiitted  to  replace  any  of 
the  foods  on  this  list.  An  exanpile  of  a  daily  diet  schedule 
for  the  second  year  is  as  follows : 

Sample  Daily  Diet  for  the  Second  Year 

Breakfast : 

2  to  3  ounces  of  fruit 

2  to  3  ounces  of  cooked  whole  grain  or  fortified  cereal  with  cream  and  a 
small  amount  of  sugar 

1  glass  of  milk 

1/^  slice  of  toast,  or  one  graham  cracker  with  butter* 

Noon: 

1  egg,  or  1  to  2  tablespoonfuls  of  ground  meat 

1  tablespoonful  of  mashed  or  baked  potato 

2  to  3  ounces  of  vegetable 

slice  of  toast,  or  one  graham  cracker,  with  butter* 

1  glass  of  milk 

A  simple  dessert,  as  custard 

Evening: 

Milk  soup  (vegetable  puree  with  milk  and  butter) 

Custard,  or  cottage  cheese,  or  ground  liver,  or  egg 

2  ounces  of  vegetables 

1/4  slice  of  toast,  or  one  graham  cracker,  with  butter* 

2  ounces  of  fruit 

1  glass  of  milk  (or  less  if  milk  soup  has  been  given) 


*Fortified  margarine  is  a  nutritionally  equivalent  substitute  for  butter.  . 
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In  addition,  a  glass  of  milk  may  be  given  in  mid- 
afternoon  or  just  before  going  to  bed.  The  teaspoonful  of 
cod-liver  oil  may  be  given  in  the  midmorning,  usually  about 
9  a.m.,  at  the  same  time  that  the  orange  juice  is  given,  or 
the  cod-liver  oil  may  be  given  at  bedtime.  In  planning  a 
low-cost  diet,  evaporated  milk  may  be  substituted  for  fresh 
milk,  and  tomato  juice  or  the  juice  of  some  indigenous  fruit 
that  is  a  good  source  of  vitamin  C  may  replace  the  orange 
juice. 

When  teaching  a  baby  to  take  a  new  food  or  one  lie  dis¬ 


likes,  he  should  lie  given  at  first  only  a  small  amount,  with 
gradual  increase  to  a  normal  serving.  Likes  and  dislikes 
of  food  are  the  result  of  habit,  and  habits  are  acquired  rela¬ 
tively  easily  in  infancy.  Particularly  important  in  this  re¬ 
gard  is  the  mother’s  attitude  toward  the  food.  The  moth¬ 
er’s  likes  and  dislikes  are  quickly  communicated  to  the 
baby  from  her  manner. 

Moderate  constipation  is  often  readily  overcome  by  in¬ 
creasing  the  quantity  of  fruits  and  vegetables,  or  in  the 
case  of  the  young  baby,  by  starting  the  use  of  these  foods 
earlier  than  the  age  suggested. 

Small  children  like  to  feed  themselves  and  should  be 
encouraged  to  do  so  as  early  as  possible.  They  will  need 
some  help  with  some  foods  and  especially  in  getting  the 
last  of  the  food  from  the  dish.  Young  children  usually  eat 
slowly  and  the  temptation  arises  to  feed  them  in  order  to 
get  the  meal  finished.  Liquid  and  mushy  foods  are  difficult 
for  the  child  to  eat  without  spilling  and  their  inclusion  in 
the  diet  may  be  expected  to  prolong  the  meal  time  as  much 
as  fifteen  to  twenty  minutes.  For  this  reason  mothers 
sometimes  object  to  thin  cereal  preparations  and  cream 
soups.  Children  F/o  to  2  years  of  age  like  crisp  or  cracklv 
foods,  such  as  com  Hakes,  crackers,  zwieback,  and  raw 
celery,  lettuce,  cabbage,  and  carrots.  At  times  thev  mav 
become  so  entranced  with  these  solid  foods  that  thev  Refuse 
the  liquids.  When  l.qmds  are  refused  temporarily;  the  re- 
(luiied  amount  of  milk  may  be  served  in  thicker  or  more 
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solid  preparations,  such  as  custards  (rennet  or  egg  cus¬ 
tard),  thickened  soups,  ice  cream,  or  mixed  with  other  food 
that  is  spoon-fed. 

Cliildren  are  highly  variable  in  their  desire  for  individ¬ 
ual  foods.  They  may  be  very  fond  of  a  food  for  a  time  and 
then  want  no  more  of  it  for  several  weeks.  Therefore,  ex¬ 
cept  for  certain  basic  foods,  it  becomes  desirable  not  to 
serve  the  same  food  frequently,  or,  if  this  must  be  done,  to 
vary  the  form  in  which  it  is  offered. 

For  such  older  infants  as  become  hungry  between  meals 
or  for  those  who  become  fatigued  easily,  extra  fruit  of  some 
land  may  be  given  advantageously  and  usually  Avithout 
impairing  the  appetite  for  the  next  meal. 


CHAPTER  XIX 


MALNUTRITION  (ATtIREPSIA,  MARASMUS) 

•  Undernutrition  in  infants  may  be  of  all  grades,  irre¬ 
spective  of  the  cause.  The  infant  may  be  only  a  little  below 
normal  weight  for  the  age  and  may  show  no  symptoms,  or 
he  may  have  wasted  to  a  skin-covered  skeleton,  unable  to 
assimilate  even  jjroper  food  and  extremely  susceptible  to 
infection. 

Various  names  have  been  used  to  describe  malnutrition 
in  infants  such  as  “atrophy,”  “hypothrepsia,”  “athrep- 
sia,”  “marasmus”  or  the  German  term  “Dekomposition.” 
By  some  the  term  “marasmus”  or  “Dekomposition”  has 
been  applied  as  indicating  a  more  or  less  specific  condition. 
It  would  appear  better  to  consider  the  various  forms  of 
malnutrition  as  merely  stages  of  the  same  condition.  For 
convenience  of  designation,  one  may  consider  an  infant  as 
essentially  normal  who  is  within  ten  or  fifteen  per  cent  of 
the  average  weight  for  his  age,  birth  weight,  and  length. 
The  term  ‘hypothrepsia”  (vtto  =  under,  6piij/L<i  =nutrition) 
may  be  applied  to  infants  twenty  to  forty  per  cent  below 
the  average  weight,  and  the  term  “athrepsia”  (a-  =  nega¬ 
tive,  Spi^c,  ==  nutrition)  or  “marasmus”  to  an  infant  more 
than  forty  per  cent  underweight.  ’  Infants  in  this  latter 
severe  stage  of  malnutrition  i)resent  more  marked  and 
characteristic  symptoms  than  those  who  are  only  moder¬ 
ately  undernourished. 


The  Causes  of  Malnutrition 

The  primary  and  essential  cause  of  malnutrition  is  the 
utilization  of  an  amount  of  food  inadequate  for  the  need 
for  maintenance  and  growth.  The  inadequacy  may  be  de- 
pendent  on  underfeeding,  either  as  regards  total  energy 
value  of  the  food  or  certain  essential  components  of  a  com- 
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plete  diet;  it  may  depend  on  poor  absorption  or  poor  in¬ 
ternal  use  of  an  otlierwise  adequate  diet.  Often  both  these 
causes  are  operating  in  tlie  same  child. 

UNDERFEEDING 

Malnutrition  is  caused  most  frequently  by  inadequate 
ood  intake.  In  the  case  of  the  lireast-fed  baby  the  supply 
of  milk  may  be  wholly  inadequate  and  the  mother  unaware 
of  the  status  of  her  milk  secretion.  Less  commonly,  an 
infant  may  be  unable  to  suckle  satisfactorily.  Weighing 
the  baby  before  and  after  several  feedings  will  determine 
the  amount  of  milk  obtained,  and  subsequent  expression  of 
the  milk  remaining  in  the  breast  will  determine  the  baby’s 
efficiency  in  suckling. 

In  the  case  of  bottle-fed  babies,  the  formula  may  be  in¬ 
sufficient  in  quantity  or  have  a  low  energy  value.  Some¬ 
times  the  underfeeding  may  be  more  or  less  intentional  on 
a  therapeutic  basis,  though  therapeutic  underfeeding  for 
periods  long  enough  to  produce  malnutrition  is  never  justi¬ 
fied.  Perhaps  therapeutic  underfeeding  occurs  most  fre¬ 
quently  in  instances  in  which  moderate  diarrhea  is  jiresent 
as  a  result  of  chronic  upper  respiratory  infection.  The 
presence  of  the  infection  or  its  relationshpi  to  the  digestive 
disturbance  may  be  unsuspected.  The  digestive  disturb¬ 
ance  is  the  outstanding  feature,  and  the  dietary  manage¬ 
ment  is  directed  toward  decreasing  the  food  to  get  within 
the  tolerance  of  the  infant.  As  malnutrition  increases,  the 
infant  becomes  less  able  to  assimilate  food  and  may  even 
have  starvation  diarrhea.  The  diarrhea  may  be  interpreted 
as  an  indication  for  further  reduction  of  the  food.  In¬ 
stances  are  encountered  in  which  the  therapeutic  under¬ 
feeding  is  begun  because  of  vomiting  induced  by  swallowed 
air,  the  parents  gradually  decreasing  the  food  to  find  an 
amount  tliat  will  not  cause  vomiting. 

The  erroneous  belief  that  nutritional  disturbances  in  in¬ 
fants  are  caused  by  relative  or  absolute  overfeeding  with 
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tlie  different  food  components  undoubtedly  lias  been  re¬ 
sponsible  for  much  underfeeding.  Changing  the  formula 
by  decreasing  one  or  another  food  constituent,  on  the  as¬ 
sumption  that  this  or  that  component  has  been  responsible 
for  causing  a  specific  type  of  indigestion,  is  likely  to  result 
in  underfeeding.  When  attention  is  centered  on  the  di¬ 
gestibility  of  the  food  and  the  character  of  the  stools,  the 
energy  needs  are  often  overlooked.  Occasions  arise  when 
it  is  necessary  to  decrease  temporarily  the  food  intake  or 
the  amounts  of  certain  constituents  of  the  diet,  but  it  is  to 
be  recognized  that  food  that  fails  to  meet  the  energy  re¬ 
quirement,  regardless  of  how  digestible  it  may  be,  cannot 
lead  to  normal  growth  and  development. 

Sometimes  mothers  have  strange  ideas  as  to  what  con¬ 
stitutes  a  satisfactory  diet  for  an  infant.  Cases  are  en¬ 
countered  in  which  infants  have  had  a  diet  of  cereal  water 
exclusively  for  many  weeks.  Some  years  ago  this  general 
ty|oe  of  feeding  was  sufficiently  common  for  the  resulting 
nutritional  state  to  be  given  a  S]iecific  name  in  Germany, 
namely,  i\[ehlnahrschaden.  This  name  was  given  on  the 
erroneous  assumption  that  the  nutritional  injury  is  caused 
by  starch,  whereas  actually  the  cause  is  starvation. 


Tn  an  analysis  made  some  twenty  vears  ago  of  several 
liundred  “difficult  feeding  cases’’  coming  to  the  St.  Louis 
('hildren’s  Hospital,  the  primary  cause  of  the  difficulty  in 
more  than  80  per  cent  was  found  to  be  underfeeding.  In 
many  of  these  the  picture  was  complicated  by  the  presence 
of  infections,  but  the  histories  indicated  that  the  majority 
were  underfed  for  long  periods  ])revious  to  the  onset  of  the 
infections.  During  recent  years  there  has  been  a  progres¬ 
sive  decline  in  the  number  of  infants  who  have  been  grossly 
underfed.  The  lietter  knowledge  of  nutritional  require¬ 
ments  and  more  general  suiiervision  of  infants  by  trained 
pe(  latrists,  both  in  the  home  and  in  the  free  clinic,  have 
been  responsible  for  this  improvement. 
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deficient  utilization  of  food 

Under  the  term,  decreased  utilization,  may  be  included 
both  decreased  absorption  of  food  from  the  intestinal  tract 
and  impaired  metabolic  processes  which  lead  to  decreased 
utilization  aftnr  absorption.  Sometimes  both  these  factors 
are  involved  in  the  same  infant.  Discussion  of  the  subject 
may  be  simplified  by  considering  the  primary  causes  and 
their  relationship  to  the  secondary  effects  on  utilization. 
The  most  frequent  primary  cause  is  infection;  of  lesser 
frequency  are  congenital  anatomical  anomalies;  still  other 
causes  exist,  hut  they  are  unimportant  from  the  point  of 
view  of  frequency. 

Effects  of  Infection 

Any  infection,  especially  if  accompanied  by  fever,  is 
likely  to  result  in  decrease  in  appetite  and  digestive  ca¬ 
pacity.  It  has  been  shown  experimentally  that  in  the  pres¬ 
ence  of  fever,  secretion  of  digestive  juices  is  diminished 
and  absorption  from  the  intestinal  tract  is  impaired.  Acute 
infections  result  usually  in  only  temjDorary  retardation  of 
weight  gain.  Chronic  infections,  on  the  other  hand,  may 
lead  to  progressive  impairment  of  nutrition.  Underfeeding 
contributes  to  the  occurrence  of  infections;  these  infections 
are  more  likely  to  become  chronic  than  in  the  case  of  well- 
nourished  infants. 

Infections  that  interfere  with  nutrition  may  be  either 
enteral  or  parenteral.  With  either  localization  the  gastro¬ 
intestinal  disturbance  is  likely  to  include  vomiting,  diar¬ 
rhea,  or  both.  The  resulting  decreased  intake  and  in¬ 
creased  loss  of  food  give  rise  to  partial  starvation. 

With  improvement  in  the  care  of  milk  and  particularly 
with  the  ])oiling  of  milk  for  infant  feeding,  enteral  infec¬ 
tions  are  much  less  common  than  formerly.  Among  the 
infections  affecting  the  nutrition  of  infants  the  chief  offend¬ 
ers  are  those  affecting  the  upper  respiratory  tract  and  ears; 
of  lesser  im])ortance  are  infections  of  the  bronchi  and 
urinary  tract. 
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Chronic  infection  interferes  with  nutrition  even  thougli 
no  fever  he  present.  In  fact,  chronic  low-grade  and  often 
unrecognized  infection  in  tlie  ears,  mastoid  processes,  oi 
nasal  sinuses  is  a  common  cause  of  gastrointestinal  disturb¬ 
ance  that  leads  not  only  to  impaired  appetite,  occasional 
vomiting,  and  some  looseness  of  stools  with  loss  of  food, 
but  also  too  often  to  therapeutic  underfeeding  in  the  at¬ 
tempt  to  correct  the  digestive  disturbance.  These  infec¬ 
tions  with  their  attendant  consequences  are  a  relatively 
common  cause  of  malnutrition  in  infants. 

Tuberculosis  in  infants  may  or  may  not  cause  malnutri¬ 
tion.  In  a  high  proportion  of  infants  with  tuberculosis  the 
presence  of  the  infection  would  not  be  suspected  from  the 
nutritional  state.  Only  in  the  more  extensive  and  severe 
infections  is  the  nutrition  appreciably  affected.  Syphilitic 
l)al)ies  also  show  varying  degrees  of  nutritional  disturbance 
as  a  result  of  their  disease,  depending  on  the  activity  and 
severity  of  the  infection.  Many  appear  entirely  normal; 
others  show  marked  nutritional  disturbance.  An  infant 
malnourished  as  a  result  of  syphilis  often  begins  to  gain  in 
weight  soon  after  antisyphilitic  treatment  is  started,  ir¬ 
respective  of  any  change  in  the  diet.  Further  discussion 
of  the  influence  of  infections  on  nutrition  appears  in  Chap¬ 
ter  XXVIII. 


Effects  of  Congenital  Anomalies 

The  failure  of  infants  to  thrive  is  often  ascribed  to  “con¬ 
stitutional  weakness.”  In  some  instances  this  term  seems 
justifiable,  in  others  it  is  used  because  of  inability  to  state 
an  accurate  diagnosis.  In  certain  cases  infants  fail  to  do 
^^y  when  the  diet  is  apparently  adequate  and  no  evidence 
ot  disease  can  be  discovered  either  during  life  or  at  nec- 
lopsy.  Some  of  these  infants  are  born  prematurely  and 
do  not  appear  to  have  sufficient  vitality  for  independent 
existence.  In  such  cases  the  term,  constitutional  wiikness 
■nay  he  properly  applieil.  In  other  instances  congenital 
anomalies  which  account  for  the  nutritional  failure  are 
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found  at  necropsy.  The  defect  may  be  a  riidimentarv 
pancreas,  a  single  small  kidney,  an  atrophic  gastro¬ 
intestinal  inucosa,  or  an  anomaly  of  the  vascular  or  nervous 
sjstem.^  ihese  defects  interfere  with  the  digestion  and 
absorption  of  food,  or  with  its  metabolism  after  absorption. 

Some  congenital  anomalies  are  easily  recognized  during 
life,  such  as  malformations  of  the  heart,  atresias  of  the 
gastrointestinal  tract,  endocrinopathies  and  nialdevelop- 
ments  of  the  central  nervous  system.  These  affect  nutrition 
in  various  ways.  In  some  cases  of  congenital  heart  disease 
the  circulation  is  impaired  to  the  extent  that  normal  me¬ 
tabolism  is  not  to  be  expected;  this  is  especially  true  if 
cyanosis  is  present.  Stunting  of  the  growth  of  babies  with 
congenital  heart  disease  is  a  relatively  common  finding. 

In  infants  with  anomalies  of  the  brain,  or  with  intra¬ 
cranial  birth  injuries  leading  to  spasticity,  the  maintenance 
of  normal  nutrition  often  is  difficult.  In  many  instances 
the  chief  difficulty  seems  to  be  in  getting  the  infants  to  in¬ 
gest  the  food,  but  in  others  the  nutrition  remains  poor 
when  a  fairly  satisfactory  diet  is  taken. 

Endocrine  disturbances  in  infancy  are  relatively  rare. 
The  one  most  frequently  encountered  is  hypothyroidism, 
and  in  this  condition,  if  untreated,  growth  may  be  mark¬ 
edly  retarded.  Uncontrolled  diabetes  is  another  endocrine 
disease  in  which  malnutrition  occurs  rapidly  in  infancy 
because  of  metabolic  failure  to  make  use  of  the  food  ab¬ 
sorbed. 

The  occurrence  of  malnutrition  is  frequent  among  l)abies 
with  cleft  lip  and  palate.  In  these  cases  the  difficulty  lies 
in  the  ingestion  of  food  and  is  the  result  of  the  inability  of 
the  babies  to  suckle  and  swallow,  and  the  ineptitude  with 
which  the  mother  feeds  them. 

Other  Causes 

Hygiene  no  doubt  plays  a  considera])le  part  in  the  wel¬ 
fare  of  a  baby.  However,  it  is  difficult  to  differentiate  the 
effects  of  poor  feeding  and  poor  hygiene,  as  the  two  are 
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freiuieutlY  associated.  An  infant  kept  in  crowded,  poorly 
ventilated,  over-lieated  quarters,  or  one  wlio  is  overclotlied 
and  receives  but  little  fresh  air  and  sunlight  is  not  likely 
to  thrive  in  the  nuinner  that  a  hahy  would  iiinler  good  liy- 
g’ienic  conditions. 

At  the  time  wlien  tlie  idea  of  food  injury  was  dominant, 
tlie  nutritional  disturl)ances  of  infants  were  g-enerally  at¬ 
tributed  to  overfeeding  with  some  food  component.  Over¬ 
feeding  with  cereal  was  sui)posed  to  produce  starch  malnu¬ 
trition  (Mehlnahrschaden) ;  this  condition  has  been  dis¬ 
cussed  under  the  heading  of  underfeeding.  Overfeeding 
with  milk  was  thought  to  lead  to  malnutrition  because  of  the 
large  amount  of  protein  fed;  the  nutritional  state  resulting 
was  known  as  milk  atrophy  (Milchnahrschaden).  This  con¬ 
dition  was  produced,  and  no  doubt  still  could  be,  by  feeding 
to  young  babies  relatively  large  amounts  of  milk  with 
little  or  no  added  sugar.  Because  of  the  resulting  alka¬ 
linity  in  the  lower  intestinal  tract  relatively  large  amounts 
of  insoluble  calcium  soa])S  are  formed,  giving  rise  to  bulky 
colon  content,  which  is  moved  along  slowly  and  from  which 
much  of  the  water  is  absorbed.  The  stools  are  large,  gray¬ 
ish-white,  and  ])uttylike,  and  are  passed  with  difficulty.  In 
this  country  the  condition  is  referred  to  more  frequently  as 
“fat  constipation,”  and  the  degree  of  disturbance  observed 
does  not  generally  lead  to  malnutrition.  Such  malnutrition 
as  may  result  would  depend  on  loss  of  food  throiTgh  excre¬ 
tion,  chietiy  fats  made  unavailable  by  conversion  to  in¬ 
soluble  soai)s.  The  condition  is  readily  corrected  by  in¬ 
creasing  the  sugar  intake,  or  by  decreasing  the  milk,  or  by 
l)oth  measures  combined. 


The  Symptomatology  and  Pathology  of  Undemutrition 

ihe  pathology  of  undernutrition  is  essentially  tliat  of 
starvation.  When  the  caloric  value  of  the  utilizable  food 
is  lower  than  the  basal  heat  output,  or  wlien  the  amounts 
of  specific  constituents  such  as  protein  and  mineral  salts 
in  the  food  are  less  than  the  amounts  of  these  components 
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metabolized  in  the  body  and  excreted,  destruction  of  body 
tissue  IS  inevitable.  In  such  instances  the  fuel  need  is 
paitly  met  by  the  burnmg  of  stored  fat,  carbohydrate,  and 
ultimately  protein.  Tissues  which  are  destroyed  in  the 
natural  processes  of  wear  and  tear  are  not  rebuilt  when  the 
loocl  intake  is  inadequate. 

The  utilization  of  a  certain  amount  of  body  fat  to  supply 
the  caloric  needs  causes  little  or  no  damage  to  the  organism 
as  a  whole.  Fat  stored  in  the  subcutaneous  tissues  and 
elsewhere  is  transported  to  the  liver  and  there  utilized  as 
fuel.  Stored  fat  is  used  only  when  the  amount  of  available 
caibohydrate  is  insufficient.  If  the  amount  of  fat  so  uti¬ 
lized  is  gi eater  than  the  infant’s  capacity  to  oxidize  it 
completely,  the  ketones  formed  will  not  be  oxidized.  Keto¬ 
sis  and  ketonuria  result,  leading  occasionally  to  definite 
acidosis. 


As  the  subcutaneous  fat  is  gradually  used  up,  the  infant 
becomes  emaciated,  the  skin  becomes  shrunken  and  when  a 
fold  of  the  skin  is  lifted  between  the  fingers,  it  is  found  to 
be  thin  and  lacking  in  turgor.  Through  the  atrophied  skin 
may  be  seen  the  outlines  of  the  ribs  and  coils  of  intestines. 
The  eyes,  no  longer  supported  by  postorbital  fat  pads,  sink 
back  into  their  sockets.  The  infant,  however,  may  not  ap¬ 
pear  sick,  although  he  will,  in  most  instances,  be  restless 
and  fretful  due  to  hunger. 

After  the  fat  depots  become  exhausted,  more  vital  struc¬ 
tures  of  the  body  are  destroyed  to  supply  energy.  The 
protein  of  the  muscles,  of  the  blood,  and  of  various  organs 
is  utilized  as  fuel.  This  necessarily  leads  to  general 
atrophy.  The  destruction  of  blood  protein  results  in  a  de¬ 
crease  in  blood  volume,  and  this  in  turn  to  poor  circula¬ 
tion.  For  example,  it  has  been  shown,  in  the  case  of 
severely  athreptic  infants,  that  the  volume  of  the  blood 
passing  through  a  given  part  of  the  body  in  a  unit  of  time 
may  be  reduced  to  as  little  as  one-tenth  of  the  normal 
amount.  Such  poor  circulation  necessarily  exerts  an  effect 
upon  almost  every  organ  in  the  body.  The  heart  muscle 
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itself  suffers  functional  disturbance,  causing  still  further 
impairment  of  the  circulation.  The  gastrointestinal  tract, 
supplied  by  atrophied  and  poorly  circulating  blood,  be¬ 
comes  functionally  ineflicient,  so  that  digestion  and  absorp¬ 
tion  are  impaired.  •  +  j 

The  peripheral  vessels,  especially  those  of  the  skin,  tend 

to  collapse  and  to  become  constricted.  The  blood  corpus¬ 
cles  pass  with  difficulty  through  the  narrowed  peripheral 
arterioles  and  are  held  back  and  stagnate  on  the  arterial 
side.  This  stagnation  of  corpuscles,  with  partial  reduction 
of  the  hemoglobin,  results  in  a  peculiar  gray  color  of  the 
skin. 

Infants  who  have  reached  an  extreme  degree  of  malnu¬ 
trition  have  little  resistance  to  infections.  They  are 
especially  likely  to  develop  rhinopharyngitis,  otitis  media, 
bronchitis,  and  pyelitis.  The  infection  is  often  of  a  low 
grade  but  very  resistant  to  treatment.  Due  to  poor  reaction 
of  the  body,  local  evidences  of  inflammatory  change  may  be 
but  slight,  yet  the  infection  tends  to  spread  and  produce 
a  severe  degree  of  toxemia.  Infections  in  the  middle  ear 
often  spread  to  the  mastoid  process  without  causing  much 
local  evidence  of  the  invasion. 

Diarrhea  from  overgrowth  of  bacteria  in  the  intestine 
is  frequent.  Organisms  introduced  with  the  food  are  likely 
to  reach  the  duodenum,  their  growth  not  being  inhibited  by 
the  very  small  amount  of  hydrochloric  acid  secreted  in  the 
gastric  juice  of  the  undernourished  infant.  Furthermore, 
organisms  which  ordinarily  are  found  only  in  the  colon  are 
likely  to  invade  the  upper  intestinal  tract  and  cause  vomit¬ 
ing  and  diarrhea.  The  mode  of  invasion  is  discussed  in  the 
subsequent  chapter  on  Diarrhea. 

As  malnutrition  progresses,  the  red  blood  cell  count 
diminishes,  but  the  hemoglobin  content  of  the  blood  is  de¬ 
creased  to  a  greater  degree,  the  anemia  being  of  the  hypo¬ 
chromic  variety.  Fed  blood  cell  counts  made  on  blood  from 
skin  puncture  are  often  deceiving  because  of  the  fact  that 
such  blood  contains  corpuscles  held  back  by  a  constriction 
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of  the  arterioles.  A  count  obtained  from  the  veins  at  the 

same  time  may  sliow  a  much  smaller  number  of  red  blood 
corpuscles. 

Tlie  leucocyte  count  is  correspondingly  high  in  capillary 
blood  olitained  l)y  skin  puncture  as  compared  with  venous 
blood.  Tlie  total  leucocyte  count  is  likely  to  be  further 
elevated  as  the  result  of  the  complicating  infections  wliicb 
are  so  frecpiently  j)resent.  The  usual  white  blood  count  of 
the  athreptic  infant  is  from  14,000  to  16,000  when  no  infec¬ 
tion  is  present,  and  rises  to  20,000  or  30,000  in  the  presence 
of  infections.  M  hen  no  infections  are  present,  the  lympho¬ 
cyte  percentage  is  relatively  high.  In  the  presence  of  in¬ 
fections  there  is  a  distinct  “shift  to  the  left”  in  the  Schil¬ 
ling  hemogram. 

The  protein  content  of  the  blood  plasma  is  low,  often 
being  no  more  than  3  or  4  per  cent,  as  compared  with  a 
normal  of  6  to  7  per  cent.  As  the  serum  protein  falls,  there 
is  a  tendency  for  edema  to  develop,  which  disappears  when 
the  protein  is  restored. 

The  heart  is  small  in  volume  as  determined  by  percus¬ 
sion  and  x-ray  examination.  The  heart  sounds  are  weak, 
the  pulse  is  small,  easily  compressible  and  tends  to  be 
slower  than  normal.  However,  it  is  increased  in  rate  in 
the  presence  of  fever. 

The  temperature  in  the  absence  of  infections  tends  to  be 
subnormal  and  may  fall  to  as  low  as  94  or  9b°  F.  Even 
in  the  presence  of  acute  infections,  there  may  be  but  slight 
temperature  reaction. 

The  urine  shows  very  little  alteration  from  the  normal 
unless  infections  of  the  genitourinary  tract  are  present, 
when  there  may  lie  an  increased  number  of  leucocytes  and 
bacteria  ])resent.  Traces  of  acetone  bodies  are  tound  dur¬ 
ing  periods  of  greatly  decreased  food  intake.  The  total 
nitrogen  and  mineral  salt  outpul  in  the  urine  may  exceed 
the  intake  of  these  materials,  diu*  to  the  elimination  ol 
l)r()ducts  resulting  from  the  destruction  of  body  tissues. 

Some  infants  with  severe  atro])hy  show  a  remarkalile 
tendencv  to  hydrolabilitv,  i.e.,  the  water  content  of  the 
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l)oav  is  subject  to  wide  and  rapid  lluctiiation.  An  atlirep- 
tic  infant  may  gain  in  weight  at  an  a])nornial  rate  loi  a 
short  period  and  become  pasty  in  appearance  and  edema¬ 
tous,  due  to  water  retention.  These  gains  in  weight  ina> 
l)e  mistaken  for  legitimate  gains  until  tlie  appearance  of 
a  dehnite  pitting  edema  discloses  the  true  nature  of  the 
condition.  Equally  sudden  losses  in  weight  occur  as  a  re¬ 
sult  of  loss  of  water  by  vomiting  or  diarrhea.  Such  losses 
are  accompanied  by  severe  desiccation  of  the  body,  with 
serious  symptoms.  This  phase  of  the  subject  is  discussed 
in  the  chai)ter  on  Diarrhea.  The  athreptic  infant  often  has 
but  little  appetite.  He  may  appear  hungry  and  yet  take 
very  little  food  or  water  when  offered. 

Vomiting  is  a  freciuent  synqhom.  The  vomitus  may  be 
stained  with  altered  blood  in  the  late  stages  of  severe  mal¬ 


nutrition. 

Diarrhea  occurs  with  such  frecpiency  that  it  is  almost  a 
symptom  of  athrepsia.  It  is  due  in  part  to  the  poor  func¬ 
tional  capacity  of  the  gastrointestinal  tract  and  the  ina¬ 
bility  of  the  infant  to  digest  and  absorb  the  amount  of  food 
required.  In  even  larger  measure  it  is  caused  by  inter¬ 
current  infection. 

If  infections  are  discovered  and  are  pro})erly  treated,  and 
if  deficiencies  in  the  diet  are  remedied,  the  infant  may  be 
expected  to  gain,  provided  the  malnutrition  has  not  become 
so  extreme  that  the  body  has  been  damaged  beyond  the 
possibility  of  repair.  Many  infants  whose  condition  seems 
despeiate,  idtimately  recover  to  become  entirely  normal, 
healthy  children.  The  chief  hazard  of  the  undernourished 
infant  is  infection.  In  some  infants  the  flame  of  life  simply 

.seems  to  flickei  out,  but  iu  the  majoritv  it  is  an  infection 
that  closes  the  scene. 


The  Treatment  of  Malnutrition 

Malnutrition  is  a  preventable  condition  in  the  majority 
of  cases.  Prophylaxis  is  easier  than  cure. 

Whenever  an  infant  fails  consistentlv  to  gain  in  weio'ht 
at  a  normal  rate,  the  first  step  should  be  to  ascertain 
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Whether  or  not  tlie  food  intake  is  adequate  in  every  par¬ 
ticular.  The  caloric  value  should  be  checked  and  a  calcula¬ 
tion  made  to  determine  whether  the  infant  is  receiving  suf¬ 
ficient  protein,  carbohydrate,  mineral  salts,  and  vitamins. 
If  the  diet  is  adequate  and  complete  and  if  the  infant  is 
taking  all  of  the  formula  offered  but  still  shows  signs  of 
hungei,  the  volume  of  the  feeding  should  be  increased  or 
the  feeding  should  be  made  more  concentrated  by  omit¬ 
ting  some  of  the  Avater.  Above  all,  frequent  changes  in 
the  formula  are  to  be  avoided.  If  the  feeding  is  obviously 
unsuitable  in  some  resj^ect,  the  difficulty  should  be  reme¬ 
died,  but  there  should  be  a  definite  reason  for  the  change 
in  every  case.  There  is  no  surer  way  of  bringing  about  a 
condition  of  malnutrition  in  an  infant  than  the  injudicious 
changing  from  one  type  of  feeding  to  another  in  the  hope 
of  finding  something  that  will  exactly  agree.  Any  success 
which  attends  such  efforts  is  usually  to  be  attributed  to  the 
accidental  giving  of  a  sufficient  amount  of  food.  When  a 
formula  has  been  selected  Avhich  meets  all  the  requirements, 
further  changes  should  not  be  made  except  for  specific 
indications. 

In  the  case  of  breast-fed  infants,  the  total  intake  of  milk 
should  be  determined  by  weighing  before  and  after  nurs¬ 
ings  for  a  number  of  days,  and  if  the  total  amount  of  milk 
received  is  less  than  that  Avhich  an  infant  of  the  age  and 
size  should  receive,  steps  should  be  taken  to  alter  the  nurs¬ 
ing  regimen  so  as  to  insure  an  increased  intake;  or  else 
complementary  or  supplementary  feedings  should  be  given. 

If  no  fault  can  be  found  in  the  diet,  and  if  there  are  no 
digestive  disturbances,  a  search  should  be  made  for  possible 
infections.  Any  temperature  elevation  or  increase  in  the 
leucocyte  count  should  be  taken  as  presumptive  evidence 
of  infection.  However,  it  should  l^e  noted  that  some  athrep- 
tic  babies  with  chronic  purulent  infections  fail  to  show  any 
significant  temperature  elevation  or  localized  signs  of  in¬ 
fection.  The  leucocyte  count  in  such  cases  is  usually  in¬ 
creased. 
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The  examination  should  certainly  include  observation  of 
the  eardrums  and  examination  of  the  urine  for  pus.  An 
intradermal  tuberculin  test  and  determination  of  the  Was- 
sermann  reaction  of  the  blood  give  valuable  information  as 
to  the  presence  of  tuberculosis  or  syphilis. 

Once  the  condition  of  malnutrition  has  developed,  the 
indication  is  to  give  a  sufficient  amount  of  food  to  cover  the 
nutritional  requirements  and  yet  not  more  than  can  be 
taken  care  of  by  the  functionally  impaired  gastrointestinal 


tract. 


The  food  requirements  of  undernourished  infants  are 
high  in  proportion  to  the  body  weight  and  approximate 
those  of  normal  infants  of  the  same  age  but  weighing 
much  more.  Thus,  an  undernourished  infant  who  has 
weighed  3200  Gm.  (seven  pounds)  at  birth,  but  at  the  age 
of  four  months  weighs  only  3600  Gm.  (eight  pounds)  re¬ 
quires  approximately  120  calories  for  each  kilogram  (55 
for  each  pound)  of  his  expected  or  normal  weight,  which 
should  be  5700  to  5900  Gm.  (121/2  or  13  pounds).  His  re¬ 
quirement  would  therefore  be  a])]iroximately  700  calories 
or  almost  200  calories  for  each  kilogram  (90  for  each 
pound)  of  actual  weight.  In  some  infants  the  caloric  re¬ 
quirement  may  even  exceed  this  amount  in  relation  to  body 


weight. 

Aside  from  the  high  caloric  requirements,  special  needs 
exist  for  certain  specific  constituents  of  the  diet  in  the 
case  of  athreptic  infants.  Relatively  more  protein  is  re¬ 
quired  than  in  the  case  of  normal  infants  because  of  the 
need  for  reconstructing  destroyed  body  tissues.  It  is  for 
this  reason  that  it  is  often  advantageous  to  add  additional 
protein  to  the  diet  of  athreptic  infants  who  are  being  fed 
human  milk.  There  is  sufficient  protein  in  human  milk 
to  meet  the  needs  of  the  normal  infant,  but  not  enough  for 
restoring  the  athre]:)tic  infant. 

Athreptic  infants  require  a  larger  amount  of  mineral 
salts  than  normal  infants  to  provide  for  the  reconstruc- 
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tion  of  ,l,niiaged  tissues.  It  the  protein  intake  is  ma<le 
adequate  liy  tlie  use  of  coav’s  milk  or  by  the  addition  of 
dried  mill,  to  human  milk,  the  need  for  additional  salts 
will  he  met.  When  Einger’s  or  salt  solution  is  given  in 
addition,  as  usually  is  done  in  cases  of  severe  malnutrition, 
the  salts,  as  well  as  the  rvater,  are  useful  in  helping  to  meet 
tlie  needs. 


Tnasinneli  as  tlie  capacity  of  tlie  atlireptic  infant  to  digest 
and  absorb  food  is  low,  tlie  food  necessarily  must  be  one 
wliicli  is  easily  digested  and  absorbed.  Atalnourislied  in¬ 
fants  otten  are  nnalile  to  take  as  large  vohnne  of  food 
as  normal  infants  of  the  same  age  because  gastric  motility 
is  impaired  so  that  the  stomach  empties  slowly.  For  these 
reasons  the  food  must  provide  the  necessary  materials  in 
small  volumes,  or,  in  other  words,  it  must  be  concentrated. 

Hninaii  milk  is  easily  digestible,  but  nsnally  it  is  not 
})ossible  to  give  a  sufficient  amount  to  meet  the  energy  re¬ 
quirement,  and  fnrtherniore  the  quantity  of  ]irotein  in  hu¬ 
man  milk  is  scarcely  snflicient  for  the  needs  of  the  atlireptic 
infant.  The  energy  value  and  protein  content  of  liimian 
milk  may  be  increased  by  the  addition  of  dried  cow’s  milk. 
Usually  dried  skimmed  milk  is  ])referable  to  Avhole  milk 
for  this  jnirpose. 

Atlireptic  infants  usually  secrete  but  small  amounts  of 
weakly  acid  gastric  juice  and  often  gastric  motility  is  re¬ 
duced.  Such  a  condition  leads  to  slow  emptying  of  the 
stomach  and  offers  opportunity  for  bacterial  decomposi¬ 
tion  of  the  food  in  the  stomach.  Stasis  and  bacterial  ac¬ 


tivity  may  be  manifested  by  the  vomiting  of  material  hav¬ 
ing  a  strong  odor  of  butyric  acid.  For  such  bahies  a  type 
of  food  is  desii-able  that  offers  the  fewest  obstacles  to 
prompt  emptying  of  the  stomach.  A  food  meeting  this  re- 
(piirement  is  one  relatively  low  in  tat  and  so  jirepared  that 
it  will  have  fine  curds  alt(‘r  ingestion.  Ac'iditication  of  the 
milk  prodiH'es  a  h*ss  laxairable  m(‘dinm  lor  hacteii>a  and 
often  hastens  the  enqitying  of  the  stomach. 
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WJieii  a  baby  with  marked  malnutrition  lirst  comes  undei 
care,  the  initial  feeding  could  ])e  acidified  boiled  skimmed 
milk  containing  6  per  cent  added  sugar.  No  dilution  is 
required.  The  amount  at  a  feeding  should  be  small  until 
the  reaction  of  the  infant  can  lie  noted.  The  amount  can 
be  increased  rapidly  until  a  normal  volume  is  being  taken 
or  until  it  is  observed  that  the  larger  amount  is  not  tol¬ 
erated.  Such  a  formula  is  delicient  only  in  energy  value, 
provided  the  customary  cod-liver  oil  and  orange  juice  and 
supplements  of  iron  or  iron-containing  food  are  given. 
The  energy  value  is  increased  as  soon  as  circumstances 
permit;  this  may  be  accomplished  by  gradual  substitution 
of  whole  milk  for  skimmed  milk.  If  the  increased  fat  gives 
rise  to  vomiting,  particularly  if  the  vomitus  is  rancid,  the 
fat  content  of  the  food  should  be  reduced  and  the  energy 
value  should  be  increased  by  the  addition  of  dried  skimmed 
milk,  or  sugar,  or  l)oth.  If  larger  amounts  of  sugar  are 
used,  dextrose  is  the  sugar  least  likely  to  have  a  laxative 
effect. 

One  should  not  make  the  mistake  of  keeping  the  food 
intake  too  low  merely  because  of  the  passage  of  fairly 
numerous  or  moderately  loose  stools.  Many  undernour¬ 
ished  infants  gain  in  weight  even  though  they  may  not 
have  a  strictly  normal  stool  for  weeks.  The  condition  of 
the  baby  rathei'  than  that  of  the  stools  is  the  important 
consideration. 

A  sudden  increase  in  the  number  of  stools  or  excessive 
vomiting  is  often  due  to  the  onset  of  an  acute  infection 
which  may  be  difficult  of  detection.  The  indication  in  such 
cases  is  to  search  caTefully  for  the  infection  rather  than 
to  alter  the  character  of  the  feedings.  A  temporary  de¬ 
crease  in  food  may  be  necessary,  however,  during  the  pe¬ 
riod  in  which  the  infection  is  being  sought  and  treated 
Repeated  periods  of  starvation  are  especially  to  be  avoided. 

Feeding  intervals  usually  should  not  be  shorter  than  four 
lours,  except  in  the  case  of  certain  prematurely  born  or 
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very  yovino-  infants  who  will  take  only  small  volumes  at  a 
feeding.  There  should  be  at  least  six  feedings  in  the  day 
in  order  to  insure  an  adequate  food  intake. 

Some  infants  who  have  become  undernourished  as  the 
result  of  an  insufficient  food  intake  are  ravenously  hungry, 
but  a  few  have  become  so  weak  that  the  appetite  fail's! 
The  presence  of  infection  also  tends  to  cause  a  decrease  in 
the  appetite.  In  such  instances  it  may  be  necessary  to  re¬ 
sort  to  gavage  or  to  the  administration  of  food  parenterally 
in  the  form  of  dextrose  (glucose),  either  alone  or  with 
added  amino  acids.  In  some  underfed  infants  the  appetite 
appears  to  be  impaired  because  of  a  deficiency  of  thiamine 
in  the  previous  diet.  In  these  cases  extra  amounts  of  thia¬ 
mine  should  be  given— as  thiamine,  or  in  the  form  of  dried 
yeast,  wheat  germ,  or  vitamin-B  complex  preparations. 

Some  athreptic  infants  take  fairly  large  volumes  of  con¬ 
centrated  feedings  having  high  caloric  values  and  contain¬ 
ing  what  would  appear  to  be  sufficient  amounts  of  all  the 
essential  materials  and  yet  fail  to  gain.  There  may  be  no 
evidences  of  infection.  In  such  cases  the  failure  to  gain 
is  evidently  due  to  incomplete  utilization  of  food,  particu¬ 
larly  to  poor  absorption  of  fat.  Thus,  we  have  observed, 
in  the  course  of  a  complete  meta])olic  experiment  on  an 
athreptic  infant,  a  loss  of  over  40  per  cent  of  the  total 
caloric  value  of  the  food  by  way  of  the  bowel.  This  failure 
of  digestion  and  absorption  is  in  part  to  be  accounted  for 
by  the  poor  circulation  dependent  on  decreased  blood 
volume.  Transfusion  in  such  cases  is  likely  to  be  followed 
by  improved  digestion  and  absorption  of  food,  so  that 
w'eight  gains  may  occur  without  further  changes  in  the 
diet.  Transfusion  also  seems  to  increase  the  resistance  to 
infection  and  often  is  followed  by  an  improvement  in  ap¬ 
petite.  Keeping  the  fat  content  of  the  diet  low  is  also  a 
useful  measure.  In  some  instances  either  enteral  or  par¬ 
enteral  administration  of  amino  acids  is  useful  in  helping 
a  baby  through  a  critical  period. 


malnutrition 


267 


Indirect  transfusions  with  citrated  whole  blood  are  as 
effective  as  direct  transfusion.  A  further  advantage  in 
the  use  of  citrated  lilood  is  tliat  suflicient  blood  may  be 
drawn  from  the  donor  to  provide  for  two  or  three  trans¬ 
fusions  at  daily  or  two-day  intervals.  Kepeated  small  in¬ 
jections  are  better  than  a  single  larger  one.  The  amount 
of  blood  given  at  a  single  transfusion  should  be  from  20 
to  30  ml.  for  each  kilogram  of  body  weight  {Vs  to  V2  ounce 
for  each  pound).  Amounts  larger  than  this  may  be  in¬ 
jected  intraperitoneally,  but  the  intravenous  route  is  usu¬ 
ally  preferable. 

Transfusions  should  never  be  given  during  the  stage  of 
acute  dehydration  or  anhydremia.  Fluids  should  always 
be  restored  first,  as  otherwise  transfusion  may  increase  the 


concentration  of  the  blood  and  result  in  an  exacerbation 
of  all  the  symptoms  of  dehydration.  For  further  details  as 
to  the  technique  of  transfusion  see  Chapter  XXXII. 

Less  effective  than  transfusion  in  increasing  the  blood 
volume  and  improving  the  circulation  is  the  intravenous 
injection  of  dextrose  solution.  This  results  in  a  temporary 
increase  in  blood  volume.  Hypertonic  solutions  of  dex¬ 
trose,  when  injected  intravenously,  tend  to  i)romote  ab 
sorption  from  the  gastrointestinal  tract  and  also  of  sub¬ 
cutaneously  and  intraperitoneally  injected  fluids.  An  addi¬ 
tional  advantage  of  dextrose  is  that  it  provides  extra  food 
in  readily  available  form.  The  strength  of  solution  used 
may  vary  from  10  to  20  per  cent,  the  total  amounts  given 
being  about  the  same  as  in  the  case  of  blood  transfusion. 
The  dextrose  given  in  this  way  is  not  completely  utilized, 
as  a  variable  amount  is  excreted  by  way  of  the  urine  de¬ 
pending  upon  the  strength  of  the  solution  and  the  rapidity 
with  which  it  is  injected. 


Dextiose  solutions  may  be  administered  also  by  continu¬ 
ous  intravenous  injection  (venoclysis).  For  this  purpose 
a  5  per  cent  solution  of  dextrose,  or  a  mixture  of  equal 
parts  of  5  per  cent  dextrose  and  Hartmann’s  physiological 
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buffer  salt  solution  (see  p.  301),  or  Ringer’s  or  physiolog¬ 
ical  salt  solution,  may  be  used.  The  5  per  cent  dextrose 
solution  01  the  combined  dextrose  and  saline  solution  may 
be  gi\  en  at  the  rate  of  8  to  16  ml.  an  hour  for  each  kilogram. 
Too  rapid  injection  may  lead  to  chills,  temperature  rise, 
and  edema.  The  injection  may  be  continued  day  and  night 
for  several  days.  By  means  of  such  an  injection  sufficient 
calories  are  supplied  to  tide  the  infant  over  a  period  when 
he  may  be  receiving  little  or  no  food  by  mouth.  The  addi¬ 
tion  of  Hartmann’s  or  of  Ringer’s  solution  supplies  nec¬ 
essary  mineral  salts  to  replenish  the  depleted  mineral  re¬ 
serves  of  the  body.  Such  injections  are  especially  valuable 
in  those  cases  in  which  there  has  been  severe  diarrhea 
associated  with  desiccation  of  the  body  and  concentration 
of  the  blood  (anhydremia).  For  further  details  see  table 
on  p.  484. 

The  athreptic  infant,  as  already  mentioned,  shows  a 
tendency  to  hydrolability  and  may,  at  any  time,  become 
dehydrated  as  the  result  of  vomiting  and  diarrhea  and  fail¬ 
ure  of  the  body  tissues  to  retain  water.  Unless  sufficient 
fluid  is  supplied,  the  symptoms  of  anhydremia  are  likely  to 
be  superimposed  on  those  of  athrepsia.  In  order  to  pre¬ 
vent  anhydremia,  water  should  be  administered  to  athrep¬ 
tic  infants  in  sufficient  amounts  to  ju’event  any  desiccation. 
It  is  not  always  possible  to  give  sufficient  water  by  mouth, 
so  that  resort  must  be  had  to  subcutaneous  or  intraperi- 
toneal  injection.  Furthermore,  water  may  not  be  retained 
unless  the  additional  mineral  salts  of  saline  solutions  are 
given  at  the  same  time. 

In  most  cases  of  athrepsia,  infections  occur.  In  the  case 
of  an  undernourished  infant  suffering  from  a  chronic  in¬ 
fection,  it  is  often  impossible  to  determine  whether  the 
nutritional  state  is  the  result  of  infection,  or  vice  versa. 
The  two  go  hand  in  hand,  the  one  ])redisi)osing  to  the  other. 
So  long  as  infecdion  exists,  it  is  diniiuilt  to  leslore  the  in¬ 
fant  to  a  ?tate  of  satisfactory  nutrition,  even  with  feedings 


MAL.NUTR1T10N 


269 


whicli  otherwise  would  be  adequate.  Furthermore,  iinti 
the  nutrition  is  improved,  infections  are  not  hkely  to  clear 
up  except  as  they  may  be  influenced  by  cheniotlierapy. 
This  explains,  in  part,  the  high  mortality  among  infants 
suffering  from  extreme  iiiidernutiitioii. 

The  athreptic  infant  should  be  examined  legulaily  for 
evidences  of  infection.  Some  athreptic  infants  develop  a 
low-grade  otitis  media  which  is  difficult  to  detect  on  oto¬ 
logic  examination.  In  others,  middle  ear  infections  spread 
to  the  mastoid  antrum  with  resulting  exacerbation  of  con¬ 
stitutional  symptoms,  especially  vomiting  and  diarrhea, 
although  local  manifestations  in  the  mastoid  may  be  but 
slight.  The  additional  infection  may  throw  upon  the  al¬ 
ready  weakened  infant  a  strain  beyond  his  powers  to  re¬ 
sist.  For  a  fuller  discussion  of  the  relationship  of  infec¬ 
tions  to  nutrition  and  the  treatment  of  infections,  see  Chap¬ 
ter  XXVTII. 


CHAPTER  XX 
DIARRHEA 

General  Considerations 

In  past  years,  the  diarrheal  diseases  have  accounted  for 
almost  as  many  deaths  among  infants  as  all  other  causes 
combined.  Mortality  from  this  cause  has  shown  a  pro¬ 
gressive  decrease,  l)ut  even  at  the  present  time  diarrhea 
lias  a  prominent  jjlace  in  published  mortality  figures  for 
infants  who  have  survived  the  neonatal  period.  The  actual 
number  of  deaths  attributed  to  diarrhea  is  probably  not 
so  great  as  vital  statistics  would  indicate  because  of  the 
fact  that  infants  seriously  ill  from  any  cause  are  likely  to 
develop  diarrhea  as  a  terminal  symptom  and  when  the  orig¬ 
inal  disease  has  been  undiagnosed,  diarrhea  is  given  as 
the  cause  of  death. 

Due  to  a  numlier  of  factors  infants  are  much  more  likely 
to  develop  diarrhea  than  are  older  persons.  The  gastro¬ 
intestinal  secretions  of  the  infant  differ  in  composition 
from  those  of  older  persons.  The  gastric  juice  contains 
less  pepsin  and  rennin  and  very  much  less  hydrochloric 
acid.  The  gastric  juice  of  the  infant  is  well  adapted  to  initi¬ 
ate  the  processes  of  digestion  when  human  milk  is  fed. 
Small  curds  are  formed  in  the  stomach  and  the  contents  be¬ 
come  sufficiently  acid  to  inhibit  bacterial  growth.  Prob¬ 
ably  as  the  result  of  this  acidity,  the  stomach  and  upper 
portion  of  the  intestinal  tract  are  normally  free  from  bac¬ 
teria  capable  of  causing  gastrointestinal  disturbance.  In 
consequence  the  baby  exclusively  breast  fed  rarely  suffers 
from  severe  diarrhea.  There  are,  however,  circumstances 
in  whicli  the  gastric  and  intestinal  secretions  may  be 
diminished. 

Any  infection  accompanied  by  fever  is  likely  to  result  in 
a  decreased  secretion  of  gastric  acid  and  of  the  panel  eatic 
and  gastric  enzymes.  A  similar  result  is  brought  about  by 
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exposure  to  high  temperatures.  Some  types  of  parenteral 
infection  are  more  likely  to  lead  to  diarrhea  than  others, 
even  though  the  elevation  of  temperature  may  be  the  same. 
For  example,  infants  suffering  from  rhinopharyngeal  in¬ 
fections  and  otitis  media  are  in  general  more  prone  to  de¬ 
velop  diarrhea  than  those  suffering  from  pyelitis. 

Infections  outside  the  gastrointestinal  tract  are  the  most 
frequent  underlying  causes- of  diarrhea  occurring  in  infants 
who  are  breast-fed  or  who  are  receiving  well-constructed 
cow’s  milk  formulas;  such  infections  are  most  common 
during  the  winter  months.  Fjiiteral  infections  are  a  fre¬ 
quent  cause  of  diarrhea  in  artificially  fed  infants  living 
under  poor  hygienic  conditions,  especially  during  the  sum¬ 


mer  months. 

An  infant  who  from  any  cause  has  become  badly  under¬ 
nourished,  is  likely  to  have  lessened  gastric  secretion.  In 
such  cases,  the  contents  of  the  stomach  may  not  be  suffi¬ 
ciently  acid  (even  when  human  milk  is  fed)  to  bring  about 
bacterial  inhibition,  and  as  a  result  organisms  such  as 
those  of  the  colon  group,  which  are  not  ordinarily  inhabi¬ 
tants  of  the  duodenum  and  stomach,  may  be  present.  When 
the  breast-fed  liaby  receives,  in  addition,  articles  of  food 
which  are  bacterially  contaminated,  some  potentially  harm¬ 
ful  microorganisms  may  survive  in  the  intestinal  tract. 

The  infant  is  incapable  of  digesting  many  foods  which 
may  be  digested  easily  liy  the  adult  with  stronger  gastro¬ 
intestinal  secretions,  and  in  consequence  the  diet  of  the 
artificially  fed  infant  must  be  limited  largely  to  milk  with 
added  sugar  during  the  earliest  months  and  to  relatively 
simple  foods  throughout  infancy.  Foods  less  easily  di¬ 
gestible  may  irritate  the  intestinal  tract  mechanically,  or  in 
some  instances  may  serve  as  a  means  of  introduction  of 
harmful  bacteria.  Both  milk  and  sugar  solutions  are  ex¬ 
cellent  bacterial  culture  media,  and  milk,  unless  obtained 
under  clean  conditions  and  heat-treated  before  use  con¬ 
tains  numerous  bacteria,  some  of  which  mav  be  of  a  harm 
fill  type.  Even  with  a  carefully  selected  and  well  jirepared 
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diet,  the  artihcially  fed  bal)y  is  in  general  more  susceptible 
to  diarrhea  than  the  breast-fed  baby.  The  reason  is  not 
wholly  clear.  One  reason  appears  to  be  dependent  on  the 
iigh  buffer  capacity  of  cow’s  milk  as  compared  with  hu¬ 
man  milk.  The  small  amount  of  gastric  acid  is  neutralized 
to  a  g’l  eater  extent  and  less  acid  is  available  for  bactericidal 
effect.  AVith  infection  or  illness  the  amounts  of  acid  and 
digestive  ferments  are  still  further  decreased  and  the  small 
margin  of  safety  disappears  more  cpiickly  than  with  breast 
feeding.  Perhaps  in  the  private  practice  of  pediatrics  diar¬ 
rhea  is  little  (if  at  all)  more  frequent  among  artificially  fed 
babies  than  among  those  who  are  breast-fed,  but  the  pro¬ 
portion  of  babies  cared  for  in  private  practice  is  small.  In 
this  group  environmental  factors  are  likely  to  be  more 
favorable  for  the  general  welfare  of  the  infant.  These 
factors  are  particularly  important  for  the  artificially  fed 
infant  as  they  affect  the  preparation,  handling,  and  ad¬ 
ministration  of  the  food,  whereas  in  the  case  of  the  breast¬ 
fed  infant  the  milk  siq)ply  is  not  subject  to  these  environ¬ 
mental  hazards.  In  the  case  of  babies  with  nndernntrition, 
gastrointestinal  secretions  are  likely  to  be  diminished  as  a 
result  of  the  nutritional  state  and  diarrhea  is  more  likely  to 
occur  as  a  consequence  of  illness  or  overfeeding.  Under¬ 
nourished  babies  tend  to  have  increased  susceptibility  to 
infection. 

Considerable  evidence  exists  that  many  of  the  diarrheas 
of  infancy  are  the  result  of  the  growth  in  the  upper  in¬ 
testinal  tract  of  organisms  which  are  normally  present 
only  in  the  lower  bowel.  The  chief  exponents  of  this  view¬ 
point  have  been  Moro,  Plantenga,  and  Arnold.  Strong  con¬ 
firmatory  evidence  has  been  obtained  by  a  large  number 
of  other  investigators.  According  to  this  viewpoint  we 
may  explain  the  effects  of  overfeeding  or  the  feeding  of 
indigestible  material  as  due  to  the  accumulation  of  un¬ 
absorbed  bacterial  culture  media  in  the  intestinal  tract 
rather  than  to  any  specific  harm  caused  by  the  foods  them¬ 
selves.  It  must  be  admitted,  however,  that  certain  types 
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of  foods  may  liave  a  laxative  effect.  A  concentrated  solu¬ 
tion  of  some  of  the  sugars  may  act  as  a  hydragopie  laxa¬ 
tive,  in  addition  to  any  effect  produced  by  bacterial  action 
on  the  excess  of  sugar.  Certain  of  the  lower  fatty  acids, 
such  as  butyric  acid,  produced  by  bacterial  action  in  the 
stomach  during  gastric  stasis,  are  a  cause  of  vomiting  and, 
if  passed  into  tlie  intestinal  tract,  are  irritants  and  there¬ 
fore  laxative.  Foods  wliicli  act  as  irritants  in  tlie  intes¬ 
tinal  tract  increase  the  secretion  of  mucus,  and  with  de¬ 
creased  absorption  a  hydragogue  effect  results. 

Bacteriological  examinations  of  the  stomach  and  duo¬ 
denal  contents  of  infants  suffering  from  severe  diarrhea 
have  revealed  the  fact  that  organisms  of  tlie  colon  group 
are  usually  present  in  large  numbers.  These  organisms  are 
not  found  in  the  case  of  normal  infants,  although  certain 
other  organisms,  especially  harmless  cocci,  may  be  present. 
The  significance  of  this  rather  uniform  finding  is  not  en¬ 
tirely  clear.  It  is,  of  course,  possible  that  the  colon  bacilli 
reach  the  upper  portions  of  the  intestinal  tract  because  of 
the  fact  that  a  disturliance  is  present.  It  seems,  however, 
more  likely  that  their  presence  is  an  ini])ortant  factor  in 
bringing  about  the  gastrointestinal  disturbance. 

Colon  bacilli  which  may  exert  no  harmful  effect  when 
growing  in  the  lower  bowel  may  lead  to  serious  disturb¬ 
ances  if  present  in  the  upper  portion  of  the  intestinal  tract. 
The  effects  may  be  produced  in  two  ways:  by  actual  in¬ 
vasion  of  the  body  or  by  the  elaboration  in  the  intestine 
of  toxic  products  which,  when  absorbed,  are  capable  of  pro¬ 
ducing  serious  symidoms.  It  has  been  shown  that  colon 
bacilli  present  in  the  duodenum  may  pass  through  tlie  in¬ 
testinal  mucosa  and  aiipear  in  the  thoracic  duct  lymph  in 
the  case  of  animals  in  which  the  duodenal  contents  have 
been  kept  alkaline.  The  colon  bacillus  is  not  infrequently 
found  in  blood  cultures  taken  from  young  infants  or  those 
with  severe  gastrointestinal  disturbances  associated  with 
the  presence  of  colon  bacilli  in  the  stomach  and  duodenum. 
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Plantenga  has  shown  that  the  administration  by  mouth 
of  the  filtrates  from  broth  cultures  of  E.  coli  is  followed 
y  vomiting  and  diarrhea,  but  that  the  same  symptoms  are 
not  produced  when  the  filtrates  are  introduced  rectally. 
The  exact  nature  of  the  products  responsible  for  the  pro¬ 
duction  of  the  symptoms  is  not  known.  Peptones  and  the 
ptomaines,  cadaverine  and  putrescine,  do  not  produce  the 
symptoms.  The  symptoms  do  not  appear  to  be  due  to  en¬ 
dotoxins,  for  when  killed  cultures  of  E.  coli  are  injected, 
the  symptoms  do  not  appear.  It  has  been  suggested  that 
histamine  and  other  amines  may  be  the  toxic  agents.  Some 
strains  of  E.  coli  are  capable  of  producing  large  amounts 
of  histamine,  or  a  histamine-like  substance;  other  strains 
produce  none.  Histamine,  when  injected  even  in  minute 
amounts,  causes  vomiting,  diarrhea,  hydrolability,  and  a 
condition  resembling  shock,  but  when  introduced  into  the 
intestine  does  not  usually  cause  toxic  manifestations.  This 
lack  of  toxic  symptoms  is  explained  by  the  fact  that  detoxi¬ 
cation  occurs  on  passage  through  the  liver  and  possibly  to 
some  extent  on  passage  through  the  intestinal  mucosa,  but 
whether  such  detoxification  occurs  comiDletely  when  the 
intestinal  tract  is  damaged,  or  when  large  amounts  of  his¬ 
tamine  are  produced,  is  a  ciuestion. 

It  has  been  believed  very  generally  that  acids  produced 
by  the  bacterial  decomposition  of  carbohydrates  are  re¬ 
sponsible  for  the  production  of  diarrhea.  The  fact  that 
diarrheal  stools  are  often  fermenting  and  acid  has  been 
the  basis  of  this  belief.  In  any  condition  in  which  imab- 
sorbed  fermentable  carbohydrate  reaches  the  lower  bowel, 
fermentation  by  the  abundant  flora  invariably  occurs; 
therefore,  the  fact  that  the  stools  are  acid  is  in  itself  not 
necessarily  indicative  of  the  presence  of  much  acid  in  the 
upper  bowel.  Some  acids  are  irritating,  but  it  is  doubtful 
if  acid  production  in  itself  is  often  the  cause  of  diarrhea. 
A  reasonable  amount  of  acid  in  the  u})per  intestine  is  ad¬ 
vantageous  rather  than  otherwise,  and  only  a  great  excess 
appears  to  be  harmful.  Actual  observations  on  infant.s 


diarrhea 


have  usually  shown  a  lesser  rather  than  a  greater  degree 
of  acidity  in  the  upper  intestinal  tract  in  cases  of  diarrhea. 
Furthermore,  it  has  been  demonstrated  experimentally  by 
Lloyd  Arnold  that  alkalinization  of  the  upper  intestinal 
tract  favors  liacterial  growth.  When  this  condition  is  re¬ 
produced  in  animals  by  feeding  an  alkaline  buffered  solu¬ 
tion,  the  introduction  of  colon  bacilli  and  other  oiganisms 
results  in  severe  diarrhea.  Acid  in  the  lower  bowel  may 
have  more  effect  in  delaying  absorption  and  aggravating- 
diarrhea  than  it  does  in  the  upper  intestine.  Diarrheal 
stools  frequently  are  sufficiently  acid  to  excoriate  the  skin 
of  the  buttocks;  acid  of  such  concentration  must  produce 
irritation  of  the  colon  also. 

Although  it  appears  likely  that  invasion  of  the  upper 
intestinal  tract  liy  bacterial  flora  of  types  found  ordinarily 
only  in  the  lower  bowel  is  a  common  cause  of  the  serious 
forms  of  infantile  diarrhea,  it  should  not  be  inferred  that 
such  is  the  only  cause.  Other  types  of  bacteria  may  cause 
diarrhea  when  introduced  by  way  of  the  mouth  and  which 
in  this  way  gain  a  foothold  in  the  intestinal  tract,  as  for 
example  E.  typhosa  and  members  of  the  Salmonella  group. 
Typhoid  produces  relatively  mild  symptoms  in  the  infant 
as  compared  with  those  of  older  persons.  Diarrhea  is  the 
chief  and  often  the  only  symptom.  The  Salmonella  may 
cause  food  poisoning  with  diarrhea  by  means  of  toxic 
products  produced  through  growth  in  food  or  they  may 
cause  definite  enteritis  because  of  their  pathogenic  prop¬ 
erties.  Some  strains  of  streptococci  also  lead  to  enteritis. 
Amebiasis  seems  to  be  very  uncommon  in  this  country 
among  children  under  two  years  of  age.  More  important 
than  any  of  these  is  the  dysentery  group  of  organisms, 
including  the  “true”  dysentery  bacillus  of  Shiga  and  the 
paradysentery  group.  These  organisms  are  the  causative 
factor  in  bacillary  dysentery  which  is  an  acute  infectious 
disease  characterized  by  superficial  necrosis  or  ulceration 
in  the  colon  and  lower  ileum.  Diarrhea  is  one  of  the 
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^■Miptoiiis  of  dyseiiteiy.  Bacillary  dyscnterv  is  discussed 
111  detail  in  Cliapter  XXI. 

Stapliyloeoeciis  aiireiis  is  a  pathogenic  organism  that  can 
produce  diarrhea,  not  liy  its  inpilantation  in  the  gastro¬ 
intestinal  tract,  hilt  hy  producing  an  exotoxin  when  grow¬ 
ing  in  food,  this  organism  is  the  most  frequent  cause  of 
food  poisoning  among  adults,  Init  it  is  not  often  a  cause 
in  infants.  Instances  have  lieen  encountered  in  which  the 
milk  snjqily  had  Staphylococcus  aureus  as  its  dominant  or¬ 
ganism.  Boiling  sucli  milk  for  the  usual  period  does  not 
affect  the  toxin. 


Besides  the  definitely  pathogenic  organisms  certain 
saprophytic  liacteria  may  decompose  food  with  the  pro¬ 
duction  of  irritating  substances.  When  food  so  decom¬ 
posed  is  eaten,  or  if  the  Imcteria  in  question  are  introduced 
into  the  intestinal  tract,  where  they  may  decompose  food 
remnants  present,  diarrhea  may  lie  the  result.  Undoubtedly 
a  number  of  organisms  may  fall  in  this  classification,  many 
of  which  are  not  clearly  defined.  Some  are  definitely  pro¬ 
teolytic  and  it  is  believed  that  the  products  of  protein  de¬ 
composition  are  responsilile  for  the  symptoms.  Others  ap¬ 
pear  to  produce  irritant  substances  from  carbohydrates. 
Among  saprophytes  susj^ected  of  being  the  cause  of  diar¬ 
rhea  are  the  members  of  the  Proteus  group,  several  types 
of  organisms  described  by  Fliigge,  possibly  the  gas  bacillus, 
and  a  large  group  of  nondescript  organisms  which  may  be 
found  in  partially  spoiled  food.  Diarrheas  produced  by 
organisms  of  this  type  are  usually  of  short  duration  and 
are  not  frecpiently  accomijanied  by  severe  manifestations. 

Certain  virus  infections  cause  diarrhea.  Prominent  in 
this  category  is  e])idemic  diarrhea  of  the  newborn.  The 
infection  presumably  is  enteral,  although  the  intestinal 
mucosa  shows  only  congestion.  Epidemic  diarrhea  of  the 
newborn  is  highly  communicable  and  is  difficult  to  eradicate 
from  nurseries. 

Factors  otlier  than  the  food  and  bacterial  conditions  in 
tlie  gastrointestinal  tract  may  lead  to  diarrhea.  In  some 
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infants  livpertonidty  an.l  liyr)ennotility  of  tlie  entne  ,  . 
trointestinal  tract  are  constitutional  cliaractenstics.  I  Ins 
siiecial  condition  of  “g-astvocnterosiiasin”  is  (lisciissed  in 
Cliapter  XXV.  Infections  at  times  ajipear  to  disturl)  tlie 
balance  of  tlie  aiitonomic  nervous  system,  witli  resulting 
increased  peristalsis  irrespective  ot  tbe  cliaracter  of  tbe 


Food  allergy  may  be  a  factor  in  tbe  })roduction  of  diar¬ 
rhea.  The  offending  substance  is  more  likely  to  be  the 
protein  of  cow’s  milk,  or  of  eggs,  but  may  be  tbe  protein 
of  cereals,  vegetables,  or  other  additions  to  tbe  diet.  In 
rare  instances  mother’s  milk  leads  to  gastrointestinal  symp¬ 
toms  due  to  the  passage  of  foreign  proteins  into  tbe  milk 
when  tbe  mother  has  taken  these  in  her  food. 


That  underfeeding  may  lead  to  diarrhea  would  appear, 
at  first  sight,  unlikely,  yet  this  is  a  fairly  frequent  cause. 
Starvation  or  hunger  diarrhea  is  likely  to  occur  in  infants 
who  have  been  quantitatively  or  qualitatively  underfed 
for  consideralile  periods  of  time  until  they  have  become 
undernourished,  rather  than  in  healthy  infants  subject  to 
short  periods  of  starvation  or  decreased  food  intake.  Too 
low  a  total  caloric  intake  or  a  deficiency  in  ])rotein,  carbo¬ 
hydrate,  mineral  salts,  and  certain  of  the  vitamins  may 
bring  about  the  condition.  In  the  presence  of  hunger, 
hypermotility  of  the  gastrointestinal  tract  is  observed  and 
experimental  evidence  seems  to  indicate  that  such  hyper¬ 
motility  is  a  direct  result  of  lowering  of  the  blood  sugar 
content.  Furthermore,  starvation  or  underfeeding,  if  pro¬ 
longed,  results  in  a  decrease  in  the  gastrointestinal  secre¬ 
tions  and  also  in  a  decrease  in  the  blood  volume  and  in 
the  volume  flow,  so  that  absorption  fi-om  the  intestinal  tract 
is  impaired.  Hunger  diarrhea  differs  from  the  other  types 
in  that  the  stools,  though  numerous,  contain  relatively  lit¬ 
tle  food  material.  Iiastrointestinal  ('olic  or  crauqis  are  fre- 
cpieiit  acconqianiments. 

An  inadecpiate  water  intake  should  be  included  in  the 
category  of  underfeeding.  When  the  water  intake  is  in- 
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sufficient  to  cover  the  water  outinit  by  way  of  the  urine 
stools,  respiration,  and  perspiration,  the  result  is  desic¬ 
cation  of  Uie  body,  or  anhydreiiiia.  One  of  the  results  of 
anhydreinia  is  diarrhea,  which  is  often  accompanied  by 
symptoms  of  intoxication. 

Diarrliea  should  not  be  considered  as  a  disease  sui 
generis,  but  as  a  symptom  resulting  from  a  variety  of 
causes.  Many  infants  with  diarrhea  also  suffer  from  other 
manifestations  as,  for  example,  vomiting.  Indeed,  vomit¬ 
ing  and  diarrhea  are  often  part  and  parcel  of  the  same  con¬ 
dition. 

Symptoms  of  Diarrhea 

Diarrhea  occurring  in  well-nourished  infants  as  the  re¬ 
sult  of  temporary  overfeeding,  contamination  of  the  food 
with  nonpathogenic  sajirophytes,  high  external  tempera¬ 
tures,  or  the  presence  of  parenteral  infection  is  usually 
mild  in  character,  of  short  duration,  and  unaccompanied  by 
-  severe  constitutional  symptoms.  The  stools  are  increased 
in  number,  and  soft  in  consistency.  The  color  usually 
varies  from  yellowish  green  to  bright  green.  Soft,  white 
soap  curds  are  present  if  any  fat  is  contained  in  the  diet. 
Diarrheal  stools  are  likely  to  be  acid  in  reaction  if  sugar 
is  being  fed.  Some  glairy  mucus  is  usually  present  and 
is  an  indication  of  intestinal  irritation.  Blood  and  pus  are 
not  present  in  cases  of  mild  diarrhea. 

Vomiting  frequently  accompanies  diarrhea.  It  is  seen 
especially  in  those  cases  in  which  the  diarrhea  is  due  to 
parenteral  infection,  in  which  instances  vomiting  often  pre¬ 
cedes  the  lirst  evidences  of  diarrhea.  Temperature  eleva¬ 
tion  is  slight  in  the  uncomplicated  diarrhea  of  older  in¬ 
fants.  Any  considerable  rise  of  temperature  should  arouse 
the  suspicion  of  the  ])resence  of  a  jiarenteral  infection,  or 
of  bacillary  dysentery.  Some  loss  of  weight  is  inevitable 
in  all  cases  of  diarrhea,  but  in  the  milder  types  little  weight 
loss  occurs.  A  marked  weight  loss  is  indicative  of  a  moie 
severe  or  toxic  type  of  diarrhea.  TTsiially  some  loss  of 
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appetite  is  observed.  Infants  witli  diarrhea  are  fretful 
and  irritable,  and  appear  to  suffer  from  abdominal  pain, 
but  severe  toxic,  manifestations  are  absent  in  the  milder 

forms. 

The  severer  forms  of  diarrhea  are  seen  especially  in  un¬ 
dernourished  infants,  young  infants,  and  those  suffering 
from  certain  types  of  acute  parenteral  infections.  To  the 
severe  forms  of  diarrhea,  the  term  “alimentary  intoxica¬ 
tion”  is  sometimes  applied,  because  of  the  toxic  manifesta¬ 
tions  accompanying  the  gastrointestinal  disturbance.  The 
stools  are  numerous  and  may  be  as  many  as  15  or  20  in 
the  course  of  twenty-four  hours.  At  the  onset  they  do  not 
differ  a  great  deal  in  character  from  those  seen  in  the 
milder  illnesses.  They  are  green,  acid  in  reaction,  and  con¬ 
tain  food  remnants  and  mucus.  Ijater  they  may  consist  of 
little  else  than  brown,  watery  fluid,  often  alkaline  in  reac¬ 
tion.  The  total  volume  of  the  stools  may  lie  very  great 
and  seemingly  out  of  all  proportion  to  the  food  and  fluid 
intake.  As  the  stools  may  be  composed  largely  of  fluid, 
which  is  absorbed  by  the  diaper,  the  total  volume  may  not 
be  appreciated.  When  the  stools  are  collected  in  a  basin 
and  measured,  it  may  be  found  that  the  daily  volume  ac¬ 
tually  exceeds  the  fluid  intake.  Because  of  the  character 
of  the  stools,  severe  diarrhea  is  sometimes  designated  by 
the  term  “cholera  infantum.”  Small  amounts  of  blood 
are  occasionally  present  in  the  stools,  but  any  considerable 
amount  of  blood  should  arouse  the  suspicion  of  bacillary 
dysentery  infection.  Gross  pus  is  not  seen,  but  leukocytes 
may  be  fairly  numerous  on  microsco])ic  examination.  Loss 
in  weight  is  sudden  and  severe  and  is  acconpianied  by  the 
development  of  the  symptoms  of  anhydremia. 

The  symptoms  of  epidemic  diarrhea  of  the  newborn  do 
not  differ  essentially  from  those  described  for  diarrhea 
from  other  causes.  The  onset  is  sudden.  If  any  fever  is 
present,  it  is  only  moderate.  Anorexia  is  present  The 
stools  are  watery  and  are  discharged  explosively.  Because 
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of  the  severity  aiid  persistence  of  the  diarrliea,  the  mor¬ 
tality  IS  sometimes  as  liigh  as  50  per  cent. 

The  symptoms  of  severe  diarriiea  are  to  he  explained  as 
tlie  result  ot  the  comliined  action  of  a  number  of  factors, 

chief  among  winch  are  anhydremia,  acidosis,  and  liacterial 
toxemia. 

Bacillary  dysentery  dilfers  in  a  niimher  of  important 
respects  from  the  other  types  of  diarrhea  and  is  therefore 
discussed  separately.  (See  Chapter  XXI.)  It  should,  how¬ 
ever,  be  pointed  out  that  at  the  onset  the  symptoms  of 
bacillary  dysentery  may  he  entirely  indistinguishable  from 
those  of  other  forms  of  diarrhea. 


The  Effects  of  Diarrhea  on  the  Body 

Diarrhea,  if  severe  or  prolonged,  may  result  in  serious 
damage  to  the  body  or  in  death.  The  cliief  effects  are: 

1.  Diminished  al)sorption  of  food  resulting  in  partial 
starvation. 

2.  Loss  of  water  (anhydremia). 

3.  Loss  of  mineral  salts,  especially  fixed  bases  (acidosis). 

4.  Toxemia  from  intestinal  bacteria. 


Diminished  Absorption  of  Food 

In  the  jiresence  of  diarrhea,  the  food  intake  is  usually  de¬ 
creased  as  a  therapeutic  measure,  and  such  food  as  is  taken 
is  only  partially  digested  and  absorbed;  hence  the  actual 
amount  of  food  reaching  the  tissues  may  he  insufficient  to 
meet  the  fuel  needs  of  the  body.  In  such  circumstances, 
the  body  tissues  themselves  are  necessarily  consumed  for 
fuel.  The  using  up  of  some  stored  body  fat  and  carbohy¬ 
drate  leads  only  to  a  moderate  loss  of  weight  and  no  serious 
consequences.  If,  however,  partial  starvation  is  long  con¬ 
tinued,  serious  malnutrition  or  athrepsia  is  certain  to  re¬ 
sult.  In  the  presence  of  diarrhea,  fats  are  es]iecially  likely 
to  escape  ahsor])tion,  as  much  as  25  or  50  per  cent  being 
lost  by  way  of  the  bowel  in  the  form  of  fatty  acids,  neutral 
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fats,  and  soaps.  A  consideraWe  portion  of  ingested  carbo- 
liydrate  may  be  destroyed  as  the  result  of  bacterial  action, 
witli  the  production  of  acids,  carbon  dioxide,  and  other 
substances.  The  loss  in  tliis  way  may  amount  to  over  .lO 
per  cent  of  the  intake.  Proteins  are  usually  fairly  well 
absorbed,  even  in  the  jiresence  of  diarrhea,  a  loss  of  more 
than  15  ])er  cent  of  ingested  protein  being  unusual.  The 
fat-soluble  vitaiuiiis,  like  fats,  are  likely  to  escaiie  absorii- 


tion. 


Anhydremia 


Til  tlie  presence  of  diarrliea,  watei’  alisoi‘])tioii  is  pool, 
wliicli  accounts  for  tlie  looseness  of  the  stools.  The  amount 
of  water  lost  in  this  way  may  he  very  large  and  is  at 
times  as  great  or  greater  than  the  total  fluid  intake.  As 
a  result  of  this  water  loss,  desiccation  of  the  liody  tissues 


and  concentration  of  the  hlood  occur.  These  processes 
lead  to  a  serious  train  of  sym])toms.  The  condition  of 
general  desiccation  of  the  liodv  has  heen  referred  to  as 
“dehydration,”  “exsiccosis,”  or  “anhydremia,”  the  lat¬ 
ter  term  heing  descri])tive  of  conditions  present  in  the 
l)lood. 


Anhydremia  niav  occur  in  the  absence  of  diarrhea,  due 
to  a  diminished  intake  of  fluid,  or  as  the  result  of  vomiting 
from  any  cause.  Anhydremia  is  of  more  frequent  occur¬ 
rence  and  is  of  a  more  severe  degree  during  warm  weather 
because  of  the  fact  that  there  is  tlien  a  greatly  increased 
loss  of  water  hy  way  of  the  skin  and  lungs. 


The  symptoms  of  anhydremia  are  largely  dependent  on 
a  decrease  in  the  volume  of  the  hlood  and  are,  therefore, 
especially  likely  to  occur  in  the  case  of  athreptic  infants 
in  whom  the  volume  of  hlood  is  already  diminished.  Some 
of  the  symptoms  of  the  two  conditions  are  identical. 

One  of  the  fir.st  indications  of  anhydremia  is  a  loss  of 
body  weight,  which  often  is  extreme  and  rajiid.  A  small 
infant  may  lose  half  a  pound  or  a  ])ound  in  a  single  day 
the  I0.SS  heing  chielly  water,  (^incident  with  the  loss  in 
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weiglit,  tlie  appearance  of  the  patient  changes  greatly  The 
features  become  sharpened,  the  eyes  sunken^  and  often 
hxed  in  a  far-away  stare.  Later  the  conjimctivae  lose  their 
nstei  and  are  coated  with  a  liisterless  film.  The  eyes  are 
hkely  to  be  turned  up  under  the  half-closed  upper  lids, 
the  fontanel  is  depressed;  the  skin  has  a  peculiar  pallor 
and  often  a  characteristic  grayish  color  like  that  of  wet 
as  les.  ^  Tliis  color  of  the  skin  is  dependent  on  arteriolar 
constriction  with  piling  up  of  red  corpuscles  in  the  capil¬ 
laries.  The  capillary  blood  count  is  distinctly  higher  than 
that  of  the  venous  blood.  The  arteriolar  constriction  is 
one  of  the  results  of  a  diminished  blood  volume.  The  skin 
over  the  body  is  dry  and  may  he  picked  np  into  folds 
which  remain  an  appreciable  period  before  flattening  out. 
The  lips  aie  diy,  parched,  and  often  of  a  peculiar  cherry- 
red  color.  The  month  is  held  partly  openj  the  tongue  is 
dry.  (Fig.  8.) 


Fig.  8. — ^Anhydremia  and  acidosis.  ^  (“Alimentary  intoxication.”) 

The  pulse  is  small,  sometimes  almost  inpierceptible,  often 
rapid  and  irregular.  The  volume  flow  of  the  blood  is 
greatly  diminished  as  the  result  of  its  concentration.  The 
blood  is  tliick  and  does  not  flow  easily.  When  the  blood  is 
centrifuged,  relatively  little  serum  sejiarates.  The  con¬ 
centration  of  protein  in  the  serum  is  invariably  high  and 
the  water  content  low.  Ijeukocytosis  of  a  moderate  degree 
is  frequently  present. 
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'I’he  urine  is  very  scanty,  and  highly  concentrated,  twd 
contains  numerous  granular  casts  and  some  albumin.  Oc¬ 
casionally  it  reduces  Benedict’s  or  Fehling’s  solution.  The 
scanty  urine  is  the  result  of  desiccation  of  the  blood,  ihe 
kidney  becomes  functionally  inactive,  although  usually  no 
demonstrable  abnormalities  are  found  in  the  kidney  at 
autopsy.  This  alteration  in  the  functional  capacity  of  the 
kidney  results  in  the  accumulation  in  the  blood  of  products 

ordinarily  eliminated  by  the  urine. 

The  total  nonprotein  nitrogen  of  the  blood  increases  and 
may  be  as  high  as  in  cases  of  uremic  coma.  Amounts  above 
200  mg.  for  each  100  ml.  are  not  uncommon.  The  blood 
chlorides  are  increased  in  most  cases  of  severe  anhydremia 
and  may  be  very  high. 

In  most  cases  of  anhydremia  the  blood  bicarbonate  is 
reduced,  sometimes  to  verv  low  levels.  We  have  not  inf  re- 
([uently  observed  cases  in  which  the  volume  percentage  of 
carbon  dioxide  had  fallen  lower  than  10  volumes  per  cent 
(4.5  milliequivalents  to  the  liter)  indicating  a  reduction 
of  bicarbonate  to  one-fifth  of  the  normal.  The  bicarbonate 
reduction  is  associated  with  the  development  of  all  of  the 
symptoms  and  associated  findings  of  acidosis. 

Keniarkable  alterations  in  the  character  of  the  respira¬ 
tions  may  occur.  The  respirations,  instead  of  being  chiefly 
abdominal,  as  in  the  normal  infant,  become  both  costal  and 
abdominal.  The  whole  thorax  rises  with  each  inspiration 
and  the  accessory  muscles  are  brought  into  play.  The 
breathing  is  deep,  pauseless,  but  not  especially  rapid.  It 
is  the  same  “air  hunger”  type  of  lireathing  as  is  seen  in 
diabetic  coma,  and  is  indicative  of  acidosis. 

Some  degree  of  fever  is  usually  present;  the  temperature 

may  be  high  in  severe  anhydremia.  In  some  instances  the 

fever  is  due  to  infection ;  in  others,  however,  it  seems  to  be 

due  to  a  disturbance  of  the  heat-regulating  mechanism  as 

the  result  of  an  insufficient  amount  of  water  in  the  body, 

and  may  subside  when  sufficient  fluid  has  been  admin¬ 
istered. 
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le  ine.itul  of  these  l.al.ies  is  at  lirst  one  of 

l  estlessness  and  ex-eiteinent.  Lntei-,  if  the  condition  is  un- 
Ireated.  the  infant  frequently  lapses  into  a  state  of  coma. 
Convulsions  are  not  infrequent  and  often  close  tlie  scene. 
Collapse  syniiitonis  may  occur  at  any  time.  Vomiting  often 
occurs  as  the  result  of  anliydremia;  it  is  seen  in  cases  in 
winch  the  anhydremia  is  the  result  merely  of  a  diminished 
Iluid  intake  and  resembles  the  vomiting  that  occurs  in  ani¬ 
mals  fed  exclusively  on  .solid  food.  The  vomiting  often 
ceases  when  the  water  content  of  the  body  once  more  he- 
comes  normal. 


Acidosis 

Wlien  diarrhea  is  severe,  and  especially  if  associated 
with  a  considerable  degree  of  anhydremia,  acidosis  is  likely 
to  develop.  The  acidosis  is  the  result  of  a  combination  of 
factors.  The  fluid  present  in  diarrheal  stools  represents 
in  part  imahsorbed  gastrointestinal  secretions.  These  se¬ 
cretions  contain  mineral  salts.  In  the  gastric  juice,  acid 
ions  predominate ;  in  the  duodenal  and  intestinal  secretions, 
basic  ions;  in  the  combined  total  secretion  of  the  gastro¬ 
intestinal  tract,  bases  predominate  over  acids  in  about  the 
l^roportion  of  3:2.  Failure  to  absorb  the  secretions  from 
the  gastrointestinal  tract  results  therefore  in  a  continuous 
depletion  of  the  base  or  alkali  of  the  l)ody. 

In  the  presence  of  anhydremia,  secretion  of  urine  is 
greatly  diminished,  so  that  less  acid  is  removed  from 
the  l)ody  and  a  concentration  of  acid  metabolites  in  the 
blood  occurs.  Furthermore,  one  of  the  mechanisms  for 
compensating  against  acidosis,  namely  neutralization  of 
acids  by  ammonium  salts,  becomes  ineffective  when  on  ac¬ 
count  of  diminished  renal  function  the  ammonium  salts 
cannot  be  formed  and  eliminated.  One  result  of  anhy¬ 
dremia  is  to  diminish  the  blood  volume  and  thus  to  impair 
the  circulation.  With  poor  circulation  and  consequent 
anoxemia,  some  accumulation  of  lactic  acid  occurs  in  the 
blood  and  tliis  serves  still  further  to  neutralize  the  bicar- 
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l)onate  present.  ^Phe  partial  starvation  occurring  due  to 
decreased  food  intake  and  a])sorption  occasionally  results 
in  some  overproduction  of  the  ketone  acids,  beta-oxy- 
hutyric  and  acetoacetic,  altliougli  ketosis  is  usually  not  a 
very  important  factor  in  contrihuting  to  the  acidosis  asso¬ 
ciated  with  diarrhea. 


While  acidosis  is  the  exi)ected  result  of  severe  diarrhea, 
several  observers  liave  reported  the  occurrence  ol  alkalosis. 
The  condition  is  rare  and  is  iirodiiced  hy  some  intrinsic 
functional  defect  hy  which  chloride  is  exi'reted  in  the  stool 
in  excess  of  sodium.  Sodium  excretion  in  the  stools  is  in¬ 
creased,  hut  not  so  much  as  chloride  excretion.  The  stool 
is  more  acid  than  tlie  urine,  and  little  chloride  is  excreted 
in  the  urine.  Tn  correction  of  the  condition  ammonium 
chloride  did  not  p’rove  as  useful  as  sodium  chloride. 


Toxemia  From  Intestinal  Bacteria 

In  diarrhea  of  the  infectious  ty])e,  or  in  bacillary  dys¬ 
entery,  the  toxemia  of  the  infection  may  in  itself  lie  suf¬ 
ficient  to  bring  about  a  fatal  outcome.  Some  infants  suc¬ 
cumb  to  toxemia  even  before  very  severe  diarrhea  has  de¬ 
veloped. 


The  Differential  Diagnosis  of  Diarrhea 

Inasmuch  as  diarrhea  is  caused  hy  a  variety  of  conditions 
and  as  the  treatment  to  he  adopted  depends,  to  a  consider¬ 
able  extent,  u))on  the  character  of  the  diarrhea,  an  effort 
should  he  made,  in  each  case,  to  determine  if  possible  the 
underlying  cause. 

A  careful  case  history  is  essential  in  arriving  at  a  diag¬ 
nosis  as  to  the  tyiie  of  diarrhea.  It  is  necessary  to  know 
the  character  of  the  jirevious  heeding,  whether  the  food 
mixture  has  been  oi  suitahh*  comiiosition  or  whether  any 
constituents  have  been  deficient  or  present  in  excess; 
whether  the  feedings  have  been  given  at  proper  intervals 
and,  in  the  case  of  artificially  fed  babies,  whether  the  for¬ 
mula  has  been  imepared  from  raw  or  heat-treated  milk; 
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wliether  articles  of  diet  other  tliaii  milk  have  been  given, 
and  whether  or  not  diarrhea  has  been  epidemic  in  the 
neighborhood.  It  is  also  important  to  know  whether  the 
infant  has  shown  any  symptoms  of  infection  outside  of  the 
gastrointestinal  tract,  such  as,  for  example,  a  cold  in  the 
head  or  running  ears. 

If  the  food  has  been  of  suitable  composition,  and  if  it 
has  been  fed  at  proper  intervals  and  has  previously  agreed 
with  the  infant,  it  may  safely  be  assumed  that  the  diarrhea 
is  due  to  some  extraneous  factor,  most  likely  a  parenteral 
infection.  Such  an  infection  should  particularly  be  sus¬ 
pected  if  fever  and  vomiting  have  preceded  the  onset  of 
diarrhea.  In  order  to  confirm  the  diagnosis,  a  careful 
search  should  be  made  for  the  presence  of  infection.  The 
nose,  throat,  and  ears,  especially,  should  be  carefully  in¬ 
spected.  The  urine  should  be  examined  microscopically  for 
the  presence  of  i^us.  Ordinarily,  however,  pyelitis  is  less 
likely  to  lead  to  diarrhea  than  is  either  rhinopharyngitis  or 
otitis  media.  If  high  temperature  is  coincident  with  the 
development  of  diarrhea,  and  if  no  parenteral  infection  is 
discovered,  one  may  suspect  the  presence  of  bacillary  dys¬ 
entery,  but  an  absolute  diagnosis  cannot  always  be  made 
early  in  the  course  of  this  disease.  Later,  the  appearance 
of  blood  and  pus  in  the  stools,  or  the  finding  of  dysentery 
bacilli  on  stool  culture,  may  make  the  diagnosis  clear. 
Diarrhea  caused  by  virus  infection  is  diagnosed  by  exclu¬ 
sion  of  other  causes,  by  its  persistence  despite  treatment, 
and  often  by  history  of  exposure  in  an  epidemic. 

Diarrhea  due  to  underfeeding  is,  of  course,  seen  only  in 
infants  who  have  been  grossly  underfed,  especially  those 
who  have  reached  a  state  of  undernutrition.  The  stools  of 
hunger  diarrhea  are  usually  not  large,  although  they  may 
be  numerous.  They  are  likely  to  be  dark-colored  and  do 
not  contain  much  in  the  way  of  food  remnants. 

The  diarrhea  occurring  in  infants  suffering  from  gastro- 
enterospasm  is  chronic,  exce]it  in  those  cases  due  to  acute 
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infection,  and  is  accompanied  ])y  other  evidences  of  auto¬ 
nomic  imbalance,  such  as  colic,  vomiting,  and  a  general 
tendency  to  hypertonicity. 

Diarrhea  due  to  overfeeding  can  best  be  diagnosed  from 
the  history  of  the  giving  of  an  unsuitable  milk  mixture  in 
which  some  one  food  component  has  been  present  in  large 
excess.  Examination  of  the  stools  gives  but  little  informa¬ 
tion  as  to  the  original  cause  of  the  diarrhea.  An  infant 
who  has  been  receiving  any  fat  in  the  food  is  likely  to  show 
some  neutral  fat,  soaps,  or  fatty  acids  in  the  stools;  like¬ 
wise,  when  diarrhea  develops  in  an  infant  receiving  any 
carbohydrate,  the  stools  are  likely  to  be  acid  in  reaction, 
irrespective  of  the  original  cause  of  the  diarrhea.  The  ap¬ 
pearance  of  starch  in  the  stools  indicates  merely  that  starch 
has  been  fed  and  that  some  has  escaped  digestion.  No 
significance  can  be  placed  upon  this  finding  in  young  in¬ 
fants,  since  they  do  not  normally  digest  starch. 

Bacteriologic  examination  of  the  stools  is  of  value  in 
differentiating  the  diarrhea  due  to  enteral  infections  from 
other  types.  In  the  diarrheas  due  to  xDarenteral  infections 
or  to  unbalanced  diets,  the  bacteriology  of  the  stools  does 
not  differ  from  that  of  the  normal  infant.  When  enteral 
infections  have  occurred,  the  offending  organism  may  be 
found  on  culture  of  the  stools.  The  finding  of  organisms  of 
the  dysentery  group  establishes  the  diagnosis  of  bacillary 
dysentery.  Besides  the  ‘  ‘  true  ’  ’  dysentery  bacillus  of  Shiga, 
a  large  group  of  closely  related  organisms  exist  which  are 
capable  of  causing  enteritis.  Various  atypical  strains  of 
colon  bacilli,  a  numl)er  of  types  of  streptococci,  the  B. 
mucosus,  the  Shigella  group  of  bacilli  (B.  dispar).  Pseu¬ 
domonas  aeruginosa  (B.  pyocyaneus),  and  other  organisms 
may  occasionally  lead  to  epidemics  of  diarrhea.  . 

It  IS  questionable  whether  the  presence  of  the  gas  bacillus 
(Clostridium  perfringens)  is  of  significance.  This  organ¬ 
ism  IS  often  found  in  normal  stools  and  is  sometimes  pres- 
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eiit  ill  large  iiiiniliers  in  diarrlieal  stools.  It  is  possible  that 
it  may,  in  some  instances,  produce  sufficient  butyric  acid 
from  the  decomposition  of  sugars  to  cause  intestinal  irri¬ 
tation.  Some  strains  of  the  gas  bacillus  also  produce  hista¬ 
mine.  Some  importance  has  lieen  attributed  to  the  finding 
of  predominantly  jiroteolytic  or  predominantly  fermenta¬ 
tive  types  of  bacteria  in  the  stools,  and  efforts  have  been 
made  to  use  these  findings  as  a  basis  for  treatment  which 
consists  in  reducing  either  carbohydrates  or  proteins  in  the 
diet.  Unfortunately,  this  procedure  has  not  proved  to  be 
of  great  practical  value  liecause  of  the  fact  that  the  findings 
are  not  clear-cut.  Both  normal  and  diarrheal  stools  con¬ 
tain  both  types  of  bacteria  and  either  may  predominate. 
Alterations  in  the  diet  only  occasionally  change  the  pre¬ 
dominating  type  of  flora,  and  such  change  is  by  no  means 
regularly  associated  with  clinical  improvement. 

Prophylaxis  of  Diarrhea 

Infantile  diarrhea  is  largely  preventable.  Short  periods 
of  diarrhea  may  occur  in  the  case  of  almost  any  infant, 
even  with  the  best  of  care,  but  serious  or  fatal  diarrhea 
need  not  occur  if  an  infant  is  fed  properly  and  lives  under 
good  hygienic  conditions.  Breast  feeding  is  one  of  the 
])est  means  of  preventing  severe  diarrhea  because  there  is 
little  chance  of  introduction  of  harmful  microorganisms 
into  the  intestinal  tract;  and  because  human  milk  is  readily 
digestible  and  when  fed,  favors  the  maintenance  of  condi¬ 
tions  in  the  gastrointestinal  tract  which  are  unfavorable 
to  the  growth  of  l)acteria  capable  of  producing  gastrointes¬ 
tinal  disturbance.  Furthermore,  breast-fed  infants  seem 
less  susceptible  to  those  infections  that  so  commonly  cause 
diarrhea  in  artificially  fed  babies. 

In  the  case  of  the  artificially  fed  infant,  al)sence  of  harm¬ 
ful  bacteria  in  the  milk  is  most  important.  The  general 
improvement  in  the  market  milk  supply  and  the  almost 
universal  custom  of  boiling  milk  for  infant  feeding  have 
been  important  factors  in  the  reduction  of  mortality  from 
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(liarrlieal  diseases,  oi‘  milk  not  only  rediu'es  the 

haeterial  eontent,  but  also  renders  tlie  milk  more  readily 
dii>estil)le. 

Also  oF  imj)ortanee  for  the  prevention  of  diarrhea  is  the 
('oiistiaietion  of  a  milk  formula  whicli  is  readily  digestible 
and  wliieh  does  not  approach  too  closely,  in  any  particular, 
the  digestive  tolerance  of  the  infant.  Methods  for  con¬ 
structing  formulas  are  discussed  fully  elsewhere.  A  factor 
of  greatest  importance  in  i)roducing  ready  digestibility  is 
the  treatment  of  the  milk  in  some  such  manner  that  a 
tine  curd  is  produced  either  before  or  after  ingestion.  A 
factor  of  some  significance  in  the  j3revention  of  diarrhea 
is  the  acidification  of  milk.  A])proi)riate  addition  of  acid 
produces  a  line  curd  and  decreases  buffer  capacity.  Acidi¬ 
fication  is  not  necessary  for  the  normal  infant,  but  lowered 
buffer  capacity  is  of  value  when  gastric  secretions  are  de¬ 
creased  because  of  illness  or  malnutrition. 


The  proportion  of  sugar  added  to  the  formula  is  often 
of  considerable  impoifaiua*  in  ])i‘oducing  or  avoiding  diar¬ 
rhea.  Most  young  babies  will  have  loose  stools  if  the 
amount  of  sugar  added  is  LO  per  cent  or  more  of  the  total 
formula— or  of  the  amount  of  milk  present,  in  the  case  of 
foiinukis  with  little  dilution.  Additions  of  5  to  6  per  cent 
are  much  safer,  and  with  such  additions  the  energy  re- 
(luirement  may  be  met  fully.  AVhen  the  proportions  of 
constituents  in  a  formula  are  ajijiropriate  and  of  a  magni¬ 
tude  discussed  in  the  chajiter  on  artificial  feeding,  much 
less  danger  of  diari-hea  exists,  even  when  the  total  amount 
fed  exceeds  the  energy  reipiirement  considerably. 

A  sufficient  intake  of  water,  especially  during  the  warmer 

months  of  the  year,  is  an  inpiortant  factor  in  the  iiroidiv- 
laxis  of  diarrhea.  ^  • 

Overlieutmg  of  tl,e  IkmIv  results  i„  ,le<.reuse.l  .ligestive 
(.ipaeity  Wlucli  is  likely  to  result  iu  iliurrliea.  Infants 
s  lould  not  lie  i.verelotlieil  or  kept  in  liot,  Iiuiuid  rooms  but 
t  ic>  rail  stand  considerable  siiiiiiiier  beat  if  kejit  ou’t-of- 
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doors  or  in  well-ventilated  {quarters,  and  if  given  plenty*  of 
water  and  not  overclothed. 

Maintenance  of  the  nutrition  is  one  of  the  important 
means  of  preventing  diarrhea.  The  undernourished  infant 
is  especially  likely  to  suffer  from  diarrhea  and  from  the 
infections  which  lead  to  diarrhea.  Many  more  infants  have 
died  from  diarrhea  which,  in  the  ultimate  analysis,  has 
been  the  result  of  underfeeding  than  have  died  from  over¬ 
feeding. 

Diarrhea  occurring  in  infants  who  have  been  fed  prop¬ 
erly  is  in  most  instances  the  result  of  infection  somewhere 
in  the  body.  This  common  type  of  diarrhea  may  be  pre¬ 
vented  by  prompt  recognition  and  suitable  treatment  of 
infections  as  they  occur. 

Treatment  of  Diarrhea 

It  is  not  always  possible  to  determine  at  the  outset 
whether  the  diarrhea  will  be  of  a  mild  or  severe  type; 
hence  it  is  safer  to  consider  all  diarrhea  as  potentially  se¬ 
vere  and  to  treat  the  infants  accordingly.  A  day  or  two 
of  proper  treatment  early  in  the  course  of  diarrhea  may 
be  far  more  effective  than  a  week  or  two  of  treatment 
later,  after  a  period  of  neglect. 

General  Principles 

Certain  general  principles  of  treatment  apply  to  all  forms 
of  diarrhea.  These  are: 

1.  Recognition  and  suitable  treatment  of  parenteral  in¬ 
fections. 

2.  Rest  of  the  gastrointestinal  tract. 

3.  The  giving  of  food  adapted  to  the  limited  digestive 

capacity. 

4.  Restoration  and  maintenance  of  the  fluid  balance. 

5.  Restoration  and  maintenance  of  the  mineral  balance. 

6.  Blood  transfusion  in  cases  of  severe  diarrhea. 

In  the  treatment  of  any  infant  with  diarrhea,  the  first 
step  should  be  to  determine,  if  possible,  the  underlying 
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cause.  A  careful  search  for  any  form  of  parenteral  infec¬ 
tion  should  be  made.  More  information  is  often  obtained 
from  examining  the  ears  of  an  infant  suffering  fiom  diar¬ 
rhea  than  from  examining  the  stools.  In  those  instances 
in  which  diarrhea  is  caused  by  parenteral  infection,  the 
results  from  treatment  are  unsatisfactory  so  long  as  the 
infection  is  present. 

In  any  form  of  diarrhea,  the  digestive  function  is  im¬ 
paired  and  the  intestinal  tract  is  either  irritated  or  is 
the  seat  of  abnormal  bacterial  infection.  In  any  event, 
food  is  imperfectly  digested  and  absorbed,  and  any  unab¬ 
sorbed  excess  may  be  decomposed  and  cause  further  irrita¬ 
tion.  An  excess  of  food  not  only  serves  no  good  pur230se 
but  is  a  source  of  potential  harm.  In  all  cases  of  diarrhea, 
it  is  desirable  that  the  intestinal  tract  be  given  a  rest. 
The  only  fully  satisfactory  method  of  accomplishing  such 
rest  is  the  withholding  of  all  food  for  a  jieriod  of  time,  dur¬ 
ing  which  only  water  is  given.  The  duration  of  the  ^leriod 
of  starvation  will  depend  on  the  age  and  nutritional  con¬ 
dition  of  the  infant,  the  severity  of  the  diarrhea,  and  the 
reaction  to  starvation.  A  single  starvation  j^eriod  at  the 
onset  of  diarrhea  is  ^ireferable  to  repeated  joeriods  of 
starvation  or  to  prolonged  underfeeding.  In  bacillary 
dysentery,  and  in  many  of  the  diarrheas  due  to  iDarenteral 
infection,  starvation,  even  if  lorolonged,  is  likely  to  have 
but  little  effect  in  causing  a  cessation  of  the  diarrhea. 


After  the  starvation  period,  the  food  given  an  infant 
with  diarrhea  should  be  nonirritating,  readily  digestible, 
and  of  a  type  which  tends  to  l)ring  about  normal  chemical 
conditions  in  the  gastrointestinal  tract.  A  relatively  low 
fat  content  is  desirable,  inasmuch  as  fat  tends  to  "delay 
the  emptying  of  the  stomach  and  predisposes  to  vom¬ 
iting;  hence  skimmed  or  partially  skimmed  milk  is  pref- 
erable  to  whole  milk.  Such  milk  as  is  used  should  be  so 
treated  that  only  very  fine  curds  are  produced  during  the 
proce.ss  of  gastric  digestion.  Boiled,  evaporated,  dried. 
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or  aciditied  ykiimiied  milk  meets  these  indications.  The 
formula  should  be  of  such  character  that,  when  fed,  con¬ 
ditions  are  produced  in  the  gastrointestinal  tract  which 
are  unfavorable  for  bacterial  action.  Inasmuch  as  the 
sugars  in  general  often  serve  to  aggravate  diarrhea,  only 
moderate  amounts  should  be  given,  and  the  carbohydrate 
used  should  be  selected  on  the  basis  of  least  laxative  effect. 
Thus  dextrose,  dextrin,  and  dextrin-maltose  mixtures  are 
preferable  to  lactose  and  sucrose. 

Foods  which  meet  the  above  requirements  and  which 
have  proved  es])ecially  serviceable  in  the  feeding  of  infants 
with  diarrhea,  are  acidified  skimmed  (or  partially 
skimmed)  boiled  fresh  milk,  dried  skimmed  milk,  and  pro¬ 
tein  milk.  To  these  various  forms  of  milk,  moderate 
amounts  of  maltose-dextrin  pre])arations,  or  of  dextrose, 
are  added.  Dextrose  is  very  quickly  absorlied,  and  when 
given  in  a  concentration  of  less  than  6  or  7  per  cent  is  not 
irritating  to  the  intestinal  mucosa.  The  parenteral  admin¬ 
istration  of  dextrose  solution  may  be  resorted  to  as  a 
means  of  introducing  extra  food. 

In  all  forms  of  diarrhea,  it  is  essential  that  a  sufficient 
amount  of  fluid  be  given  to  maintain  a  normal  water  bal¬ 
ance  of  the  body.  Unless  body  fluids  can  be  maintained, 
other  methods  of  treatment  are  likely  to  fail.  The  amount 
of  water  which  may  be  taken  by  mouth  is  often  limited 
because  of  persistent  vomiting.  A  larger  total  amount  of 
water  often  can  be  taken  when  the  water  is  given  in  small 
amounts  at  sliort  intervals  than  when  larger  amounts  are 
g’iven  less  freqiientlv.  AVhen  it  is  inijiossible  to  administei 
a  sufficient  amount  of  fluid  by  way  of  the  gastrointestinal 


tract  to  prevent  the  synqitoms  of  dehydration,  recourse 
must  be  had  to  parenteral  means  of  fluid  adimnisti  ation. 
Fluid  may  be  given  subcutaneously,  intravmiously,  or  in- 
traperitoneallv.  Intravenous  administration  restores  more 
quickly  a  depleted  blood  volume  and  is  indicated  in  all 
cases  of  acute  anhydremia  aci'ompanying  diarrhea.  Dy  the 
use  of  the  subcutaneous  and  intraperitoneal  routes,  much 
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larger  quantities  of  lliiid  may  he  inlrodueed  than  intra¬ 
venously— unless  the  intravenous  administration  he  eon- 
tinued  for  several  hours. 

For  intravenous  injection,  dextrose  solutions  of  a 
strength  of  from  10  to  20  iier  cent  may  he  used  and  such 
solutions  may  he  comhined  with  various  salt  solutions, 
salt  or  Ringer’s  solution,  or  Hartmann’s  physiological 
huffer  salt  solution.  Saline  solutions  may  he  given  intra¬ 
venously,  suhcutaneously,  or  intraperitoneally.  Ordinary 
pliysiological  sodium  chloride  and  Ringer’s  solution  aie 
suitable  for  the  treatment  of  mild  degrees  of  dehydration 
accompanying  diarrhea,  in  cases  of  more  severe  diarrhea, 
however,  a  jireferahle  solution  is  Hartmann’s  physiological 
huffer  salt  solution  or  Harrow’s  hiiffered  ])()tassium  chlo¬ 
ride  solution.  (See  Chapter  XXXII.) 

Inasmuch  as  in  all  cases  of  severe  diarrhea  a  loss  of 
mineral  results  in  which  the  lixed  bases  ])redominate,  res¬ 
toration  of  the  mineral  content  of  the  body  is  essential. 
Such  restoration  may  to  some  extent  he  accomplished  by 
means  of  the  food,  hut  is  more  quickly  accomplished,  es- 
])ecially  in  severe  types  of  diarrhea,  by  the  parenteral  ad¬ 
ministration  of  salt  solutions  designed  to  restore  the  de¬ 
pleted  elements. 


In  the  severer  types  of  diarrhea,  repeated  transfusions 
with  citrated  whole  hood  are  of  the  greatest  benefit.  Trans- 
lusions  improve  the  circulation  and  lead  to  improvement 
in  the  digestion  and  absorption  of  food.  The  injectetl 
blood  also  supplies  materials  for  the  reconstruction  of  dam¬ 
aged  body  cells  and  may  have  some  effect  in  increasing 
the  infant’s  resistance  to  infection.  Transfusions  should 
not  be  given,  however,  until  the  fluid  balance  of  the  body 
lias  been  restored. 


Treatment  of  Diarrhea  in  the  Breast-Fed  Infant 

In  infants  fed  exclusively  at  the  breast,  diarrhea  is 
rarely  severe  or  of  long  duration.  A  moderate  increase  in 
the  iiumher  ot  stools  and  a  slight  change  in  their  character, 
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if  unaccompanied  by  fever  or  constitutional  symptoms,  is 
of  only  slight  significance.  The  only  treatment  indicated, 
in  such  instances,  is  temporary  reduction  in  the  food  in¬ 
take,  which  may  be  accomplished  by  lengthening  the  feed¬ 
ing  intervals  (if  less  than  four  hours)  and  shortening  the 
time  of  each  nursing. 

When  the  diarrhea  is  more  severe,  and  especially  if  fever 
is  present,  a  search  should  be  made  for  parenteral  infec¬ 
tions,  since  these  are  the  most  common  causes  of  diarrhea 
in  breast-fed  infants.  Diarrhea  is  not  an  indication  for 
weaning,  although  the  food  intake  should  be  diminished  for 
a  period.  At  the  start,  several  feedings  may  be  omitted 
and  the  infant  given  water  or  barely  water,  which  may 
be  sweetened  with  saccharin  (15  mg.  to  125  ml.  or  14  gr.  to 
4  oz.)  if  desired.  If  the  diarrhea  is  severe,  starvation 
should  be  continued  for  as  long  as  24  hours,  a  period 
amply  long  for  breast-fed  infants.  During  the  iDeriod  of 
starvation,  the  mother’s  breasts  should  be  emptied  by 
manual  or  mechanical  expression.  When  the  feedings  are 
resumed,  the  intervals  should  not  be  shorter  than  every 
four  hours,  and  the  infant  should  suckle  for  only  a  few 
minutes.  It  is  advisable  to  offer  several  ounces  of  water 
previous  to  joutting  the  infant  to  the  breast.  If  water  is 
offered  from  a  bottle  just  preceding  the  nursing,  the  infant 
is  not  likely  to  suckle  as  vigorously  or  to  take  as  much 
milk,  and  such  milk  as  is  taken  will  have  a  low  fat  content 
as  the  breast  is  incompletely  emptied.  Supplemental  foods 
should  be  omitted  during  the  period  of  acute  diarrhea.  In 
most  instances,  diarrhea  of  breast-fed  infants  responds  to 
the  simple  treatment  of  temporary  withdrawal  of  food  fol¬ 
lowed  by  a  diminished  food  intake.  In  some  instances, 
recovery  is  hastened  by  the  administration  of  a  buffered 
lactic  acid  solution  (see  p.  299)  preceding  each  nursing. 
From  30  to  90  ml.  (1  to  3  ounces)  of  this  solution  may 
be  given.  Small  feedings  of  boiled  skimmed  milk,  skimmed 
lactic  acid  milk,  or  protein  milk,  just  preceding  the  nurs¬ 
ing,  sometimes  have  a  beneficial  effect.  Some  infants  vho 


diarrhea 


295 


are  accustomed  only  to  feedings  at  the  breast,  may  refuse 
any  acidified  foods  because  of  the  sour  taste. 

If  the  diarrhea  fails  to  respond  within  a  reasonable  time 
to  these  simple  methods  of  treatment,  the  presence  of  un¬ 
recognized  parenteral  infection  should  certainly  be  sus¬ 
pected.  In  rare  instances  a  continuation  of  the  symptoms 
is  due  to  enteral  infection. 

The  Treatment  of  Mild  Diarrhea  in  Artificially  Fed  Infants 

In  well-nourished  artificially  fed  infants,  and  especially 
in  those  over  four  or  five  months  of  age,  diarrhea  is  usually 
mild  in  type  and  responds  promptly  to  suitable  treatment. 
In  very  young  infants,  in  those  who  have  been  fed  inade¬ 
quately  and  improperly,  and  in  infants  who  have  suffered 
from  chronic  or  repeated  acute  infections,  diarrhea  is  likely 
to  be  much  more  severe. 

The  first  step  in  the  treatment  should  be  to  ascertain,  if 
possible,  the  cause  of  the  diarrhea.  A  search  should  be 
made  for  infections,  which,  if  found,  should  be  treated  ap¬ 
propriately.  If  such  an  acute  infection  as  otitis  media  is 
discovered  and  the  eardrum  is  opened,  there  may  be  little 
need  for  further  treatment.  If  the  food  has  been  appro¬ 
priate,  the  regular  feedings  may  be  continued  but  in  smaller 
amounts  for  a  few  days.  In  those  cases  in  which  the  in¬ 
fant  has  been  receiving  a  sweet-milk  formula,  it  is  often 
advantageous  to  resort,  at  least  temporarily,  to  a  formula 
prepared  from  acidified  milk.  It  is  advantageous  to  re¬ 
duce  the  sugar  content  somewhat  and  such  sugar  as  is 

used  should  be  either  dextrose  or  of  the  maltose-dextrin 
type. 

^  If  no  source  of  infection  can  be  found,  or  if  such  infec¬ 
tion  as  is  found  is  not  amenable  to  immediate  treatment, 
a  more  strict  regulation  of  the  diet  is  necessary.  A  period 
of  starvation  should  be  instituted,  during  which  the  infant 
receives  an  abundant  amount  of  water.  The  lensrth  of  the 
starvation  jieriod  will  deiiend  on  the  age  and  nutritional 

y 
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condition  of  tlie  infant,  as  well  as  on  the  severity  of  tlie 
diarrJiea.  Tlie  omission  of  one  or  two  feedings  often  snf- 
lices._  During  the  starvation  period,  a  buffered  lactic  acid 
solution  may  be  p:iven.  (See  p.  299.) 

A  method  of  treatment  often  employed,  especially  for 
older  infants,  consists  in  the  feeding  of  finely  scraped  raw 
apple,  A\hich  is  given  at  two-  or  three-honr  intervals  in 
amounts  of  one  to  four  tahlespoonfnls  at  a  time.  A  total 
of  as  much  as  1000  to  loOO  grams  of  the  apple  pnlp  is 
given  in  the  twenty-four  hours;  the  pnlp  comprises  the  sole 
nonrishment  for  two  or  three  days.  No  cpiestion  exists  as 
to  the  effectiveness  of  the  a])})le  diet.  The  etfects  are  at¬ 
tributed  chiefly  to  ])ectin,  through  its  assumed  ability  to 
remove  toxic  substances  because  of  its  colloidal  character 
and  through  its  being  a  source  of  galactnronic  acid,  a  de¬ 
toxifying  agent,  in  the  intestine.  Canned  apple  j^owder  is 
available  commercially,  and  is  as  nsefnl  as  scraped  raw 
ajiple  and  much  more  convenient.  Pectin  alone,  or  in  com¬ 
bination  Avith  agar,  or  Avith  agar  and  a  dextrin-maltose 
])reparation,  is  frecpiently  used  instead  of  apple.  A  com¬ 
mercial  product  containing  a])proximately  5  per  cent  pec¬ 
tin,  iH’imarily  intended  for  the  preparation  of  fruit  .jelly, 
is  available  eA^eryAvhere.  The  dosage  of  this  preparation 
Amries  from  60  to  180  ml.  (2  to  6  ounces)  daily,  depending 
on  the  age  or  size  of  the  infant  or  child.  At  least  one  com¬ 
mercial  firm  markets  a  mixture  of  ])ectiu,  agar,  and  a  dex¬ 
trin-maltose  preparation,  intended  especially  for  the  treat¬ 
ment  of  babies  Avith  diarrhea.  For  babies  Avith  mild  diar¬ 
rhea,  not  only  is  a  fasting  ]ieriod  unnecessary  as  a  prelim¬ 
inary  to  the  pectin  treatment,  but  a  modified  milk  formula 
containing  the  pectin  may  be  fed.  Tn  laises  of  more  seA^ere 
diarrhea,  the  use  of  pei'tin  Avithout  milk  seems  ])referahle 
in  the  beginning. 


After  a  short  period  ol  starvation,  or  of  a[)ple  or  [lectin 
<liet,  the  feedings  may  be  resumed.  In  the  case  of  older 
infants  umu'Ciistomed  to  the  taste  ol  acid  milk,  as  suitabh* 
a  feeding  as  any  is  boiled  skimmed  milk  Avithoiit  added 
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sugar 


IMie  aiiiouiit  given 


at  lirst  sJiould  not  ))e  more  than 
al)out  one-half  or  two-tliirds  the  usual  volume  taken  at  a 
feeding  l)y  the  iirfant.  After  a  few  feedings,  the  amount 
of  milk  given  may  he  inereased,  and  if  the  diari'hea  s]un\s 
signs  of  cessation,  a  moderate  amount  of  caikoliydrate  ]s 
added.  The  iwoportions  should  not  hi^  greater  than  one 
part  of  sugar  to  twenty  of  milk.  If  all  goes  well,  whole 
milk  may  he  su1)stituted  gradually  for  the  skimmed  milk  in 
the  formula.  Additional  carbohydrate  may  then  be  added 
until  the  infant  is  receiving  the  usual  formula  for  the  age. 

In  infants  who  have  been  taking  acid-milk  mixtures,  the 
only  changes  in  the  diet  indicated  in  the  presence  of  mild 
diarrhea  are  a  reduction  in  the  sugar  content  and  a  mod¬ 
erate  reduction  in  the  total  volume  of  food  taken,  the  dif¬ 
ference  being  made  up  with  water.  If  the  diarrhea  does 
not  res])ond  prom])tly  to  this  form  of  treatment,  or  if  there 
are  constitutional  sym])toms  ])resent,  acid  skimmed  milk 
or  ])rotein  milk  should  ])e  used,  as  in  the  treatment  of 
the  severe  ty])es  of  diarrhea  (see  p.  300).  'The  decision 
as  to  how  rapidly  the  food  intake  may  l)e  increased  will 
depend  more  on  tlu‘  general  constitutional  symptoms  than 
on  the  character  of  the  stools.  The  infant  should  he  care¬ 
fully  watched  for  the  appearance  of  any  of  the  symi)toms 
of  intoxication,  es])ecially  fever,  desiccation,  grayness  of 
the  skin,  and  the  nervous  manifestations.  Any  sudden  or 
marked  loss  of  weight  is  of  great  significance.  AVhen  any 
of  these  symptoms  are  present,  the  diet  should  he  increased 
only  with  the  greatest  caution,  and  in  addition  other  meth¬ 
ods  of  treatment,  such  as  the  administration  of  Iluids  and 
transfusion,  are  indicated. 

In  the  presence  of  diarrhea,  the  intestinal  tract  usually 
emihies  itself  well  without  the  aid  of  cathartics,  hut  if  the 
infant  is  known  to  have  taken  an  nnsnitalile  article  of  diet, 
01  if  the  diarrhea  has  liarely  started,  a  cathartic  may  he 
administered  in  order  to  remove  the  offending  material 
before  damage  has  occurred.  Usually,  however,  the  infant 
IS  seen  after  the  diarrhea  has  continued  for  some  time  and 
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no  good  is  to  be  accomplished  through  the  use  of  a  cathar¬ 
tic.  Certainly  not  more  than  one  dose  should  be  admin¬ 
istered  in  any  event.  If  a  cathartic  is  used  at  all,  castor 
oil  is  as  satisfactory  as  any.  A  suitable  dose  is  from  one 
to  two  teaspoonfuls,  depending  on  the  size  of  the  infant. 
Calomel  should  not  be  used,  as  it  possesses  no  advantages 
ovei  other  cathartics  and  may  cause  severe  irritation  of 
the  gastrointestinal  tract. 

Treatment  of  the  Severe  Forms  of  Diarrhea 

(Alimentary  Intoxication,  Toxicosis,  Cholera  Infantum, 

Anhydremia) 

Diarrhea  of  a  very  severe  type  is  seen  in  badly  under¬ 
nourished  infants,  especially  those  who  have  been  arti¬ 
ficially  fed  and  in  those  who  have  suffered  from  chronic 
or  repeated  acute  infections.  The  diarrhea  is  accompanied 
by  symptoms  of  marked  toxicity,  fever,  and  dehydration. 
The  prognosis  is  grave  and  the  treatment  must  be  energetic. 
Fortunately,  except  for  epidemic  diarrhea  of  the  newborn, 
these  severe  types  of  diarrhea  are  less  frequent  than  in 
previous  years,  and  occur  only  rarely  in  private  practice 
or  among  infants  who  have  been  under  careful  medical 
supervision.  At  the  outset  such  diarrhea  may  be  indis¬ 
tinguishable  from  an  ordinary  diarrhea,  but  severe  toxic 
manifestations  soon  make  their  appearance.  The  temper¬ 
ature  rises,  the  appearance  of  the  infant  changes,  the  skin 
becomes  gray  in  color  and  loses  its  turgor.  The  eyes  are 
sunken  and  have  a  far-away,  glassy  stare.  All  the  symp¬ 
toms  of  anhydremia  are  present.  Vomiting  and  diarrhea 
become  severe,  the  stools  increase  in  volume  and  they 
finally  consist  of  little  more  than  brownish  colored  water. 
As  the  condition  develops,  acidosis  occurs  and  the  infant’s 
respirations  become  deep  and  pauseless. 

In  beginning  treatment,  an  effort  should  be  made  to  lo¬ 
cate  any  causative  infection,  and  if  any  is  found  it  should 
be  appropriately  treated,  but  there  should  be  no  delay  in 
restoring  lost  body  fluids  and  mineral  salts. 
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Water  is  urgently  needed  and  as  much  as  possible  should 
be  given  by  mouth.  Unfortunately  the  persistent  vomiting 
often  precludes  the  possibility  of  giving  very  much  fluid 
in  this  way.  Small  amounts  of  water  at  short  intervals 
are  often  better  retained  than  larger  amounts  given  less 
often.  The  total  amount  of  fluid  required  daily  in  the 
presence  of  acute  dehydration  may  be  over  a  quart  (1000 
to  1500  ml.),  and  it  is  only  under  the  rarest  conditions 
that  all  of  this  can  be  given  by  mouth.  If  fluid  is  retained 
when  given  by  mouth,  it  is  well  to  give  in  addition  to  water 
some  mineral  salts  and  potential  alkali.  The  water  given 
may  be  mixed  with  from  one-third  to  one-fourth  of  its 
volume  of  Kinger’s  solution.  This  supplies  sodium,  potas¬ 
sium,  and  calcium  salts,  and  chlorides.  Additional  potas¬ 
sium  may  be  needed  when  dehydration  has  been  marked ; 
it  may  be  given  as  Harrow’s  solution.  Potential  alkali 
may  be  given  by  mouth  in  the  form  of  sodium  lactate  solu¬ 
tion.  Sodium  lactate,  although  neutral  in  reaction,  is  con¬ 
verted  into  sodium  bicarbonate  after  being  absorbed,  and 
supplies  necessary  base  to  overcome  the  acidosis  which  is 
usually  present.  A  solution  of  lactic  acid  buffered  with 
sodium  lactate  serves  a  double  purpose;  the  sodium  lac¬ 
tate  provides  base  and  the  lactic  acid,  through  bringing 
about  a  condition  of  acidity  in  the  upper  intestinal  tract, 
inhibits  the  growth  of  bacteria.  A  solution  of  this  type 
may  be  prepared  as  follows  (Formula  of  Dr.  Alexis  F. 
Hartmann,  but  not  to  be  confused  with  Hartmann’s  physio¬ 
logical  buffer  salt  solution) : 

Buffered  Lactic  Acid  Solution  for  Oral  Use 

Lactic  acid  U.S.P.  15  nil. 

Sodium  hydroxide  10  per  cent  20  ml. 

Water  to  lOQO  ml! 

Hie  solution  may  be  conveniently  prepared  in  concen¬ 
trated  form  of  ten  times  tins  strength,  and  diluted  1-10 
with  water  before  use.  The  buffered  solution  is  given  in 
addition  to  water  by  mouth.  The  solution  may  be  given 
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alone  in  amounts  of  from  25  to  100  ml.  (one  to  three 
ounces)  at  two-  or  tliree-hoiir  intervals  (if  the  infant  can 
letain  it),  or  in  smaller  amounts  at  shorter  intervals;  or 
it  may  he  added  to  the  water  given.  An  effort  should  lie 
made  to  give  from  300  to  600  ml.  from  (10  to  20  ounces) 
in  the  course  of  twenty-four  hours. 

1  he  administration  of  fluids  hy  mouth  must,  in  most 
instances,  be  supplemented  by  the  injection  of  fluids  par¬ 
enteral  ly.  In  many  cases  of  severe  diarrhea  it  may  not 
lie  possible  to  administer  any  fluid  by  mouth,  so  that  the 
entire  fluid  requirement  must  be  met  in  other  ways.  Fluids 
may  be  given  intravenously,  subcutaneously,  or  intraperi- 
toneally,  or  by  a  combination  of  these  methods.  The  choice 
of  fluids  for  parenteral  administration  lies  between  physio¬ 
logical  salt  solution,  Ringer’s  solution,  sodium  lactate,  dex¬ 
trose,  Darrow’s  buffered  iiotassium  chloride  solution,  and 
combinations  of  these.  Isotonic  sodium  chloride  and 
Ringer’s  solution  actually  contain  a  liigher  percentage 
of  sodium  chloride  than  the  blood  and  tissue  fluids  and, 
in  some  cases  of  severe  dehydration  with  chloride  reten¬ 
tion,  the  injection  of  these  solutions  may  result  in  an  in¬ 
crease  in  the  lilood  chloride  and  a  corresponding  decrease 
in  blood  liicarbonate  and  thus  lead  to  an  increase  in  the 
degree  of  acidosis.  When  dehydration  is  not  severe,  the  in¬ 
jection  of  a  sufficient  amount  of  these  isotonic  solutions 
may  result  in  the  establishment  of  urinary  secretion  and 
the  excT-etion  of  retained  sodium  chloride  or  other  metab¬ 
olites.  Neither  of  these  solutions,  however,  supplies  alkali, 
whicli  is  required  when  any  degree  of  acidosis  is  present. 

Alkali  may  he  siqiplied  parenterally  in  the  form  of  so¬ 
dium  lactate.  A  solution  of  one-sixth  molar"^  strength  is 
isotonic  and  nonirritating  and  may  lie  injected  intrave¬ 
nously,  subcufaiieously,  or  intraiierif oneally.  After  injec¬ 
tion,  flu*  hu'tate  is  ('oiiverted  into  sodium  bicarbonate  and 
in  this  way  restoi'cs  de])leted  alkali  and  overcomes  tin* 


*Molar  sodium  lactate  may  be  obtained  in  sealed  ampules.  To  prepare  tbe 
one-sixth  molar  solution,  the  contents  of  the  ampules  are  dduted  with  five  tunes 
the  volume  of  sterile  distilled  water. 
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existing  aei.losis.  Tlie  injection  of  00  ml.  of  oue-sixtli 
molar  sodium  lactate  for  each  kilogram  of  body  weight  is 
sufficient  to  raise  tlie  hlood  carbon  dioxide  liv  oO  to  db 
volumes  per  cent  (15  to  16  milliequivalents  to  tlie  liter). 
Tills  amount  rejiresents  tlH‘  maxinuini  nsiially  injecteil  at 
one  time  in  the  beginning  of  treatment  when  severe  acido¬ 
sis  is  present,  as  indicated  by  the  symptoms  or  by  blood 
analysis.  AVhen  the  acidosis  is  less  marked,  smaller 
anio lints  of  the  lactate  solution  are  necessary.  Of  the  total 
anioimt  of  sodium  lactate  solution  given,  one-thiid  iiia^ 
be  introduced  intravenously  and  two-tbirds  subcutaneously 
or  intraperitoneally  as  the  lirst  step  in  treatment. 


After  these  initial  measures  for  the  overcoming  of  such 
acidosis  as  may  be  present,  fluid  administration  is  contin¬ 
ued,  either  by  a  combination  of  subcutaneous  or  intraperi- 
toneal  iniection,  or  liy  a  continuous  intravenous  injection 
(venoclysis).  For  the  snbcntaneons  or  intraperitoneal  in¬ 
jections,  the  solution  of  choice  is  a  combination  of  Kinger’s 
solution  with  sodium  lactate  of  such  a  strength  as  to  be 


slightly  hypotonic.  Such  a  combined  solution  is  known  as 
Hartmann’s  solution  (physiological  buffer  salt  solution*). 

For  the  intraperitoneal  injections,  as  large  an  amount 
of  solution  is  given  as  the  abdominal  cavity  Avill  comfortably 
hold.  The  injections  are  repeated  at  intervals  of  from 
six  to  twenty-four  hours,  depending  on  the  rate  of  dis¬ 
appearance  of  the  injected  fluid  and  the  evidences  of  resto¬ 
ration  of  body  fluid  as  shown  by  a  disappearance  of  the 
manifestations  of  anhydremia — improved  color  and  turgor 


fonLlI  follows:"  "  concentrated  form  in  ampules  and  diluted 

HARTMANN’S  SOLUTION  FOR  INTRAVUNOUS  USK 

C.  P.°Siality."‘^”  diluted  25  times  before  use.  All  reagents  slu.uld  be 

Lactic  acid,  85  per  cent  solution 
NaCl 
KCl 

CaCh-HjO  (or  anhydrous  CaCb  4.3  Gm  ) 

Powdered  phenol  red  for  indicator. 

NaOH  solution.  CO2  free  to  neutralise 
Boil  for'?!)  r  distilled,  sufficient  to  make  ‘  looo  ml. 

acid.  Re-neutralize  witlf  sTtura\ed""  NaOH present  to  lactic- 
acid.  Cool  and  bring  back  to  the  oriemai  x-eT  solution  becomes 

into  tost  tubes,  autoclave  at  5 '‘liounds  tor'’^^Sref 


60  ml. 
150  Gm. 
10  Gm. 
5  Gm. 
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of  the  skin,  beginning  secretion  of  the  urine,  and  increase 
and  maintenance  of  body  weight.  The  same  solution  may  be 
given  subcutaneously  instead  of  intraperitoneally.  It 
should  be  borne  in  mind  that  infants  suffering  from  severe 
diarrhea  and  vomiting  are  continuously  losing  fluid  and 
salts  so  that  even  though  the  body  fluids  are  restored, 
anhydremia  and  acidosis  persist  unless  repeated  injections 
are  given.  In  some  cases  it  is  necessary  to  continue  the 
daily  parenteral  administration  of  fluid  for  a  period  of 
weeks.  One  small  infant  under  our  care  was  given  seventy- 
two  intraperitoneal  injections  over  the  course  of  several 
weeks,  the  total  volume  of  injected  fluid  being  over  ten 
gallons  (40  liters) !  Ultimate  recovery  followed. 

Another  very  effective  method  of  fluid  administration,  al¬ 
though  somewhat  more  difficult  technically,  is  that  of  con¬ 
tinuous  intravenous  injection  (venoclysis).  One  advantage 
of  this  method  of  fluid  administration  is  that  nothing  what¬ 
soever  need  be  given  by  mouth  during  the  period  that  veno¬ 
clysis  is  continued.  The  technique  of  venoclysis  and  the 
solutions  to  be  used  are  considered  in  Chapter  XXXII. 

AATien  continuous  venoclysis  is  not  employed,  intravenous 
injections  of  dextrose  may  be  combined  with  the  intra¬ 
peritoneal  or  subcutaneous  injections  of  saline  solutions. 
Dextrose  solutions  having  a  strength  of  10  to  20  per  cent 
may  be  given  daily,  or  twice  daily,  in  amounts  not  exceed¬ 
ing  25  ml.  for  each  kilogram  of  body  weight  at  each  injec¬ 
tion.  The  injection  should  be  given  very  slowly:  at  least 
20  minutes  should  be  consumed  in  the  injection  of  the  total 
volume  of  fluid. 

For  fluid  administration  in  diarrhea  the  conventional 
procedure  has  been  to  use  physiological  salt  solution, 
Ringer’s  solution,  lactate  solution,  dextrose  solution  and 
combinations  of  these.  Darrow  and  co-workers  have 
projiosed  an  additional  type  of  fluid,  the  proposal  being 
based  on  studies  of  salt  metabolism  of  infants  with  diar¬ 
rhea.  It  was  found  that  potassium  is  lost  from  the  body 
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m  amounts  up  to  one-fourth  the  total  estimated  body  con¬ 
tent.  The  loss  of  potassium  is  not  accompanied  by  an 
equivalent  loss  of  nitrogen,  indicating  that  cells  are  not 
destroyed,  but  that  a  transfer  of  potassium  from  intra¬ 
cellular  to  extracellular  fluid  and  thence  to  the  intestinal 
tract  has  occurred.  The  loss  of  potassium  from  the  body 
can  result  seriously.  Sometimes  the  use  of  the  conventional 
fluids  aggravates  the  potassium  loss.  In  such  instances 
sodium  enters  the  cells  by  transfer  from  extracellular  to 
intracellular  fluid.  Such  transfer  increases  acidosis  be¬ 
cause  chloride  ions  remain  in  the  extracellular  fluid.  The 
condition  of  the  infant  is  made  worse. 

For  parenteral  replacement  therajiy  either  of  the  fol¬ 
lowing  solutions  is  suggested  by  Darrow: 

1.  40  ml.  molar  sodium  lactate  (one  ampule) 

2  Gm.  potassium  chloride 

3  Gm.  sodium  chloride 

710  ml.  sterile  distilled  water 

2.  2  Gm.  potassium  chloride 

3  Gm.  sodium  chloride 

250  ml.  one-sixth  molar  lactate 

500  ml.  water 

The  solutions  can  be  sterilized  by  autoclaving,  or  the 
chlorides  can  be  sterilized  by  dry  heat  and  added  to  the 
sterile  water  along  with  an  ampule  of  molar  sodium  lactate. 
Up  to  80  milliliters  of  these  solutions  may  be  given  sub¬ 
cutaneously  for  each  kilogram  of  body  weight  over  a  period 
of  eight  to  twelve  hours.  Repeated  administration  may  be 
desirable  so  long  as  fluids  are  needed  parenterally. 

In  moribund  and  severely  ill  babies  the  concentration  of 
potassium  in  the  plasma  may  be  high,  despite  a  deficit  in 
intracellular  lootassium.  For  such  infants  solutions  con¬ 
taining  potassium  are  dangerous  and  are  contraindicated 
until  urine  formation  is  established.  IlartmaniUs  solution 
or  saline  together  with  glucose  solution  are  the  solutions 
of  choice  for  such  infants. 
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As  soon  as  some  food  may  be  taken  hy  month,  one  or  two 
g-rams  of  potassium  chloride  may  he  added  to  the  food 
mixtnie  and  parenteral  potassium  therapy  may  he  discon¬ 
tinued.  When  full  oral  feeding  is  established,  potassium 
therapy  is  discontinued. 


Potassimn  intoxication  is  avoided  by  careful  regulation 
of  the  dosage  nsnally  below  80  ml.  for  each  kilogram  daily, 
with  100  ml.  for  each  kilogram  as  the  ultimate  maximum; 
hy  slow  rate  ot  injection,  never  under  four  hours  and  pref¬ 
erably  eight  to  twelve  hours;  the  solutions  should  never  he 
given  in  shock  or  when  urine  secretion  is  very  scanty.  If 
diarrhea  recurs  a  short  time  after  ])otassiiini  therapy  is  dis¬ 
continued,  no  more  potassium  should  he  given  without 
knowledge  of  the  potassimn  content  of  the  plasma.  Suf¬ 
ficient  potassimn  may  have  accnmulated  in  body  fluids  to 
lead  to  heart  block  on  introduction  of  further  amounts. 
In  such  an  event  calcimn  is  administered  intravenously 
together  with  hy])ertonic  glucose  solution.  In  order  to  con¬ 
trol  the  therajiy  and  to  prevent  intoxication  it  is  desirable 
to  detei'inine  the  ])otassinm  content  of  the  iilasma  from 
time  to  time  during  the  treatment. 

Use  of  ])otassimn  therapy  does  not  decrease  the  duration 
of  illness,  but  it  decreases  mortality  importantly.  Darrow 
and  co-workers  report  decrease  in  mortality  rate  from  29 
per  cent  in  a  conventionally  treated  group  of  fifty-nine 
infants  to  6  per  cent  of  fifty-two  infants  given  fluids  con¬ 
taining  potassium. 

The  beneficial  effects  of  fluid  administration  are  likely 
to  be  more  lasting  if  this  treatment  is  combined  witli  blood 
transfusion.  9h‘ansfusion  serves  to  restore  the  lilood 
volume  and  to  maintain  it.  It  is  iiossible  that  transfusion 
also  results  in  increasing  the  infant’s  resistance  to  infec¬ 
tion  through  supiilying  immnne  bodies. 

A  transfusion  should  never  be  attenii)ted  until  after  fluid 
restoration  has  been  accomplished.  A  transtusion  in  the 
stage  of  acute  anliydremia  may  result  in  lurlher  concentia- 
tion  of  the  blood  and  exacerbation  of  all  the  sym])toms. 
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The  optimum  time  for  tlie  first  transfusion  is  fioin  12  to 
24  hours  after  the  initial  fluid  injection.  Repeated  sinall 
transfusions  are  better  tlian  a  single  large  one.  'fbe 
amount  given  at  eacli  transfusion  sliould  be  from  lO  to  dU 
ml.  of  blood  for  each  kilogram  of  body  Aveight.  Citrated 
blood  is  used  and  a  sufficient  amount  is  obtained  from  the 
donor  at  one  time  for  two  or  three  transfusions.  The  blood 
may  lie  kept  in  an  ice  box  safely  for  as  long  as  three  oi  foui 
days  before  being  used.  (For  technique  of  blood  matching 
and  transfusion,  see  Cha])ter  XXXTT.)  Three  or  four 
transfusions  are  usually  sufficient,  although  subsequent  de¬ 
velopments  mav  be  such  that  additional  transfusions  ai'C 
required  later. 

A  period  of  starvation  should  always  be  instituted  in 
cases  of  severe  diarrhea  with  toxic  manifestations.  During 
this  period  water,  saline,  or  buffered  lactic  acid  solution 
may  be  given  by  mouth  if  they  can  be  retained.  A^^len 
buffered  lactic  acid  solution  is  being  taken,  it  is  also  safe 
to  add  some  dextrose  to  the  solution.  The  concentration 
should,  however,  not  usually  be  greater  than  5  per  cent,  and 
never  more  than  10  per  cent.  In  such  concentration  dex¬ 
trose  is  not  laxative,  and  in  the  iiresence  of  acid  is  not  at¬ 
tacked  by  intestinal  bacteria  lief  ore  it  can  be  absorbed.  The 
length  of  the  ])eriod  of  starvation  Avill  depend  on  the  se¬ 
verity  of  the  synqitoms.  The  general  condition  of  the  in¬ 
fant  is  a  better  guide  as  to  the  time  when  food  may  be  b(‘- 
gun  than  the  character  of  the*  stools.  So  long  as  the  infant 
is  giay,  anhydremic,  and  ajiathetic,  has  a  high  tenqieratuia', 
and  appears  generally  “toxic,”  food  must  be  withheld.  It 
is  usually  necessary  to  continue  the  ])eriod  of  starvation 
for  at  least  twenty-four  hours,  and  this  period  may  have  to 
be  prolonged  in  some  instances  to  four  or  five  davs. 


When  feedings  are  started,  the  amount  should  at  first  be 
small,  not  more  than  25  to  30  ml.  (one  ounce),  and  increases 
should  be  made  slowly,  about  15  ml.  (one-half  ounce)  at  a 
tune,  depending  on  the  reaction  of  the  infant  to  food.  Too 
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prolonged  starvation  or  underfeeding,  in  infants  already 
badly  undernourished,  may  be  fatal ;  but  on  the  other  hand, 
too  rapid  increases  in  food  may  cause  an  exacerbation  of 
all  the  symptoms  and  require  another  period  of  starvation, 
with  disastrous  results.  The  effects  of  starvation  may  be 
consideiably  minimized  if  dextrose  is  given  intravenously. 
Amino  acid  solution  also  is  useful. 

The  feedings  are  given  not  more  often  than  every  three 
or  four  hours.  Several  types  of  food  may  be  used  with 
about  equal  success.  A  satisfactory  feeding  consists  of 
dried  protein  milk  made  up  in  buffered  lactic  acid  solu¬ 
tion.  Some  carbohydrate  is  added,  especially  in  the  case  of 
very  young  infants,  as  otherwise  such  infants  when  fed 
protein  milk  alone  tend  to  go  into  a  state  of  collapse.  The 
first  formula  may  be  prepared  as  follows : 

Dried  protein  milk  30  Gm.  (  1  oz.) 

Dextrose  15  Gm.  (14  oz.) 

Buffered  lactic  acid  solution  300  ml.  (10  oz.) 

The  buffered  lactic  acid  solution  is  that  described  on  p. 
299. 

Another  and  similar  type  of  feeding  consists  of  acidified 
skimmed  milk,  begun  cautiously  and  without  added  sugar. 
After  the  first  day,  a  5  or  6  per  cent  additon  of  dextrose 
may  be  made. 

Either  of  these  feedings  is  gradually  increased  in  volume 
until,  without  recurrence  of  severe  symptoms,  a  volume 
normal  for  the  age  is  being  ingested.  A  gradual  transition 
is  then  made  to  a  regular  maintenance  diet.  Scraped  apple, 
apple  powder,  or  pectin  in  one  of  its  suitable  commercial 
forms,  may  be  used  in  conjunction  with  the  early  feedings. 

There  is  one  type  of  severe  diarrhea  which  fails  to  re¬ 
spond  to  the  dietetic  treatment  outlined  above.  This  par¬ 
ticular  variety  of  diarrhea  appears  to  be  due  to  invasion 
of  the  intestinal  tract  with  organisms  capable  of  decom¬ 
posing  protein  with  the  production  of  toxic  products.  This 
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is  a  relatively  rare  type  of  diarrhea,  but  is  sometimes  seen 
in  epidemic  form.  This  particular  type  of  diarrhea  must 
have  been  more  frequent  in  the  past  than  it  is  at  present. 
It  is  discussed  at  length  in  many  of  the  older  textbooks, 
but  is  referred  to  only  occasionally  in  the  more  recent 
literature.  We  have  only  once  observed  such  an  epidemic. 
It  has  not  been  determined  just  what  organism  is  respon¬ 
sible,  but  it  is  not  one  of  the  ordinary  forms  of  dysentery 
bacilli.  At  the  outset,  it  is  difficult  or  impossible  to  dis¬ 
tinguish  this  from  any  other  form  of  diarrhea.  Feyer, 
dehydration  and  toxic  manifestations  are  marked.  Con¬ 
vulsions  are  of  more  frequent  occurrence  than  in  other 
types  of  diarrhea.  The  stools  are  more  likely  to  be  foul 
in  odor  rather  than  sour.  Blood  and  pus  are  not  observed 
in  the  stools.  The  giving  of  milk  in  any  form  to  these  pa¬ 
tients,  even  though  it  be  acid  milk  or  protein  milk  in  small 
quantities,  results  in  an  exacerbation  of  all  the  symptoms, 
and  if  the  usual  methods  of  treatment  are  followed,  the 
mortality  is  high.  These  patients  tolerate  carbohydrate 
fairly  well,  and  indeed  seem  to  be  benefited  by  reasonable 
amounts  of  carbohydrate. 

The  treatment  of  diarrhea  of  this  type  should  be  the 
same  as  that  of  the  other  severe  forms  of  diarrhea  except 
for  the  character  of  the  feedings.  After  the  initial  period 
of  starvation,  feedings  are  begun  with  an  8  to  10  per  cent 
solution  of  dextrose  or  a  dextrin-maltose  preparation. 
Later,  arrowroot  or  cornstarch  gruels  are  given.  No  milk 
of  any  sort  is  allowed  until  the  temperature  has  fallen  and 
the  symptoms  of  toxemia  have  disappeared.  It  may  be  a 
week  or  ten  days  before  it  is  safe  to  add  milk,  or  other 
protein-containing  food.  Some  form  of  acid  milk  may  then 
be  added  to  the  carbohydrate  diet  in  small  amounts.  If 
well  tolerated,  the  quantity  may  be  increased  until  finally 
the  infant  is  receiving  the  usual  diet  for  the  age.  Another 
type  of  food  highly  useful  for  the  period  of  transition  from 
the  sugar  to  the  milk-and-sugar  diet  is  sweetened  condensed 
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imlk  in  a  dilution  ot*  one  to  eiglit  by  volume.  An  initial 
catliartic  appears  to  be  of  more  value  in  these  cases  than 
m  the  ordinary  cases  of  diarrhea. 

tn  all  cases  a  careful  search  should  be  made  for  any  pos¬ 
sible  })arentei-al  infections  which  may  be  the  underlying 
cause  of  the  severe  diarrhea.  Of  the.  various  types  of 
liarenteral  infection,  otitis  media  is  the  most  frequent  con¬ 
tributory  cause.  In  atlireptic  infants  the  onset  of  otitis 
media  is  often  insidious,  and  severe  diarrhea  may  appear 
l)efore  any  local  manifestations  of  ear  infection  are  detect¬ 
able.  Even  when  an  infection  is  present  in  the  middle  ear, 
the  only  evidences  may  be  a  lack  of  luster  of  the  eardrum. 
Theie  may  lie  no  bulging  or  redness.  Not  infrequently, 
after  restoration  of  body  fluids  and  after  transfusion  the 
signs  of  indammation  may  be  much  more  evident.  If  middle 
ear  infection  is  detected,  paracentesis  may  be  followed  by 
marked  improvement  in  the  gastrointestinal  symptoms, 
Imt  such  a  favorable  result  does  not  follow  in  all  cases. 
The  symptoms  may  persist  even  after  the  ears  are  freely 
opened.  In  a  certain  number  of  instances  the  infection 
spreads  to  tlie  mastoid  antrum  and  surrounding  cells  and 
liecomes  walled  off  so  that  it  may  -liecome  necessary  to 
resort  to  antrotomy  or  mastoidectomy  in  order  to  clear 
up  the  infection.  Usually  the  mastoid  involvement  is  not 
obvious  and  may  l)e  detected  only  by  most  expert  examina¬ 
tion.  xV  fairly  constant  sign  is  edema  of  the  posterior- 
superior  canal  wall  overlying  the  mastoid  antrum.  When 
such  infection  is  present  and  untreated,  dietetic  measures 
may  prove  quite  ineffective  in  controlling  the  diarrhea. 

Otitis  media  is,  of  course,  only  one  of  the  infections  which 
may  be  followed  liy  severe  gastrointestinal  disturbance.  A 
careful  search  should  be  made  for  other  possible  infection, 
and  if  any  is  found,  appropriate  treatment  should  be  in¬ 
stituted.  Maxillary  sinusitis  is  occasionally  a  cause  of  a 

most  severe  type  of  diarrhea. 

Even  though  there  may  be  no  infection  present  at  the 
onset  of  the  diarrhea,  secondary  infections  not  infrequenth 
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develo])  diu-iiig  the  course  of  the  diarrliea.  Secoiidar>  ni- 
fections  in  the  ears  are  soinetiines  due  to  organisms  ol  in¬ 
testinal  type  (E.  coli).  Altliough  such  secondary  infec¬ 
tions  are  not  the  cause  of  the  diarrhea,  they  complicate 
die  picture  and  make  tlie  jirognosis  more  grave.  Treat¬ 
ment  is  indicated  as  in  the  case  of  the  primary  intections. 


Medicinal  Treatment 

Drugs  have  relatively  little  ])lace  in  the  treatment  ol 
diariliea,  although  sulfonamide  and  jienicillin  therapy  ma> 
he  indicated  for  the  causative  ])arenteral  infection. 

Cathnrtics  are  often  used  hut  are  usually  contraindicated. 
See  further  discussion  on  ]).  1297. 

Ojiiuni  in  the  form  of  paregoric  may  he  uscmI  when  the 
diarrhea  is  severe,  prolonged,  and  accompanied  hy  marked 
water  loss.  Ojiiuni  also  serves  the  |)urpose  of  relieving  pain 
and  of  allowing  the  infant  to  obtain  some  rest.  iMarked 
abdominal  distention  is  a  contraindication  to  the  use  of 
opium.  Paregoric  may  h(‘  given  in  small  doses,  at  short 
intervals,  up  to  the  ])oint  of  the  physiologic  effect  of  con¬ 
traction  of  the  ])U])ils.  Standing  orders  for  the  administra¬ 
tion  of  jiaregoric  or  of  any  other  opiate  should  not  he  given; 
a  certain  number  of  doses  should  he  ordered,  and  the  order 
then  re]ieated  only  to  meet  definite  indications.  The  initial 
dose  of  paregoi-ic  in  the  case  of  a  young  infant  is  usually 
0.3  ml.  (f)  luinims) ;  for  a  larger  infant  O.G  to  l.O  ml.  (10  to 
15  minims).  The  administration  may  he  rejieated  every 
two  to  three  houi’s  lor  six  or  sc^vim  dos(‘S,  oi*  until  tlu' 
physiologic  effect  is  obtained.  Aftei-  this,  th(‘  dosage  should 
he  decreased. 

Dismuth  ])repai-ations  have  been  much  used  in  the  treat¬ 
ment  of  diai'rhea.  1  hey  are  sup])osed  to  act  as  (huuulcents, 
coating  over  the  irritated  intestinal  mucosa  and  also  to 
have  a  slight  antiseptic  effect.  ''Bismuth  suhnitrate  should 
not  he  used  as  the  niti-ate  is  liludy  to  he  reduced  to  nitrite 
hy  liaetprial  action  and  to  give  rise  (o  toxic  manifestations. 
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If  bismuth  is  used  at  all,  the  subcarbonate  is  to  be  pre¬ 
ferred,  and  the  dosage  should  be  large,  2  to  4  Gin.  (30  to 
60  grains)  or  more  at  a  dose,  suspended  in  water.  Smaller 
doses  have  little  effect  in  coating  the  very  large  intestinal 
area.  AVe  have  never  been  impressed  with  the  value  of 
bismuth  in  the  treatment  of  diarrhea. 

A  arious  antiseptics  have  been  used  with  the  idea  of  in¬ 
hibiting  bacterial  growth  in  the  intestinal  tract.  Most  of 


the  so-called  intestinal  antiseptics  are  entirely  ineffective, 
for  when  given  in  sufficient  amounts  to  exert  any  bacterial 
inhibiting  action  they  are  likely  to  prove  toxic  for  the  in¬ 
fant.  The  water-soluble  antiseptics,  such  as  the  dyes,  are 
quickly  absorbed  from  the  upper  intestine,  and  can  there¬ 
fore  exert  an  effect  for  only  a  very  short  time.  The  sul¬ 
fonamide  drugs  are  effective  against  many  of  the  organ¬ 
isms  of  the  intestinal  tract,  but  it  has  not  been  customary 
to  use  them  for  diarrhea  except  in  certain  kinds  of  enteral 
infection  (see  Dysentery). 

Atropine  is  of  value  in  those  instances  in  which  the 
diarrhea  is  accompanied  by  marked  gastrointestinal  spasm 
and  vomiting.  The  atropine  appears  to  relieve  the  colicky 
pains  and  to  decrease  the  amount  of  vomiting.  The  meth¬ 
ods  for  the  administration  of  atropine  are  discussed  in 
Chapter  XXIII.  It  should  be  noted  in  this  connection  that 
the  administration  of  atropine  sometimes  leads  to  elevation 
of  temperature. 

The  acute  collapse  occasionally  occurring  in  the  course  of 
severe  diarrhea  is  best  treated  by  injections  of  caffein  or  of 
epinephrin.  The  epinephrin  may  be  given  subcutaneously 
in  doses  of  0.06  to  0.12  ml.  (1  to  2  minims),  or  may  be 
added  to  the  fluids  which  are  given  intravenously  in  the 
proportion  of  1 :20,000.  In  instances  of  acute  collapse, 
masked  mastoiditis  is  often  found  to  have  a  causal  relation¬ 


ship;  the  only  evidence  of  mastoiditis  may  be  sagging  of 
the  posterior-superior  canal  wall. 

Phenobarbital  is  of  value  in  allaying  extreme  restless¬ 


ness  and  irritability.  It  is  also  sometimes  of  value  in  con- 
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trolling  severe  vomiting.  The  dosage  is  from  8  to  16  mg. 
(%  to  1/4  of  a  grain)  at  three-  or  four-hour  inteivals. 

Calcium  salts  have  been  used  by  Casparis  in  the  treat¬ 
ment  of  patients  with  severely  toxic  diarrhea.  The  ra¬ 
tionale  of  calcium  administration  is  to  neutralize  the  eitects 
of  guanidine  derivatives  which  are  at  times  present  in  in¬ 
creased  quantities  during  periods  of  severe  desiccation 
diarrhea.  Calcium  gluconate  is  given  in  10  per  cent  solu¬ 
tion  intravenously,  5  ml.  at  an  injection;  or  calcium  glu¬ 
conate  in  water  may  be  given  by  mouth  in  a  dosage  of 
from  0.5  to  1  Gm.  (7i^  to  15  grains)  at  four-  to  six-hour 
intervals. 

During  the  periods  of  severe  toxicity  associated  with 
gray  skin  and  cyanosis  of  the  extremities  oxygen  inhala¬ 
tions  are  often  of  value.  The  infant  may  be  kept  continu¬ 
ously  in  an  oxygen  tent  to  advantage. 


CHAP'l'ER  XXI 
BACILLARY  I )Y8LNTER Y 
(Ileocolitis,  Infectious  DiAniiiiEA) 

Bacillary  dysentery  is  an  acute,  specilic  infectious  dis¬ 
ease  characterized  liy  lesions  in  the  intestinal  tract,  chiefly 
in  the  colon  and  lower  ileum.  The  causative  organism  is 
the  dysentery  bacillus  or  one  of  the  meinbers  of  the  dysen¬ 
tery  group.  This  grouji  includes  the  true  dysentery 
bacillus  of  Shiga  and  the  closely  related  strains  of  para- 
dA^senterv  liacilli.  Among  the  latter  are  included  the  Flex- 
ner.  Hiss- Russell,  and  Strong  tyi:)es.  Several  subdivisions 
of  these  strains  have  been  described  Avhich  differ  from  each 
other  in  fermentation  reactions  and  serologic  properties. 
The  Flexner  and  1  liss-Russell  types  are  more  frequently 
the  cause  of  dysentery  throughout  the  United  States  than 
is  the  Shiga  type. 

Dysentery  bacilli  gain  access  to  the  body  by  way  of  the 
gastrointestinal  tract.  Contaminated  milk  and  water  are 
the  most  frequent  sources  of  infection.  Such  organisms  as 
escape  the  bactericidal  action  of  the  gastric  juice  and  in¬ 
testinal  secretions  find  lodgment  in  the  mucosa  of  the  colon 
and  lower  ileum. 

Pathology 

The  lesions  of  dysentery  are  found  chiefiy  in  the  colon 
and  to  a  lesser  extent  in  the  lower  portion  of  the  ileum. 
In  mild  dysentery  there  may  be  only  a  superficial  hyperemia 
with  outpouring  of  mucus.  In  cases  of  more  advanced  dis¬ 
ease  there  is  considerable  round-cell  infiltration  of  the 
mucosa  and  submucosa.  In  all  cases  of  severe  disease  some 
superficial  necrosis  occurs.  This  may  be  extensive  so  that 
almost  the  entire  mucosa  of  the  colon  is  covered  with  a 
necrotic  pseudomembrane,  resembling  that  seen  on  the 
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throat  in  cases  of  diphtheria.  In  the  majority  ot  cases, 
liowever,  the  necrosis  is  confined  to  the  area  overlying  t  le 
Ivmph  plaques,  where  it  usually  results  in  localized  ulcera¬ 
tions.  The  ulcers  are  fairly  deep,  with  overhanging  edges. 
Hemorrhages  occur  due  to  erosion  of  superficial  blood  ves¬ 
sels,  hut  the  ulcers  rarely  perforate.  Secondary  infection 
of  the  ulcerated  areas  with  pyogenic  organisms  is  common. 
^Idie  mesenteric  lymph  nodes  draining  the  affected  aieas 
are  usually  swollen.  In  most  cases  of  dysentery  the  in¬ 
testinal  lesions  are  of  such  nature  that  complete  lepaii 
is  possible,  hut  when  extensive  ulceration  is  present,  repair 
is  likely  to  he  slow,  and  in  some  instances  chronic  colitis 
may  persist  for  months  or  years. 

The  liver  is  enlarged  and  fatty. 

Dysentery  bacilli  are  present  in  the  lesions  throughout 
the  course  of  the  disease,  but  except  in  rarest  instances 
do  not  invade  the  lilood  stream.  In  most  cases  of  dysentery 
the  causative  organism  may  he  isolated  from  the  stools 
through  the  use  of  suitable  cultural  methods.  (See  Cliapter 
XXXII.)  The  organisms  are  not  likely  to  he  found  during 
the  first  day  or  so  of  the  disease  or  after  the  subsidence  of 
the  fever. 

Specific  agglutinins  for  the  various  strains  of  dysentery 
bacilli  ma}^  he  demonstrated  in  the  blood  serum  toward 
the  end  of  the  first  week  of  the  disease.  The  presence  of 
such  agglutinins  is  of  some  diagnostic  value,  especially  in 
tliose  cases  in  which  the  clinical  symptoms  are  not  clear-cut 
and  in  which  it  has  not  been  possible  to  isolate  the  organ¬ 
isms  from  the  stools.  The  agglutination  test  is  performed 
in  the  same  manner  as  the  Widal  reaction,  using  strains  of 
the  several  dysentery  bacilli. 

Ihicillary  dysentery  when  untreated  is  a  self-limited  dis¬ 
ease  in  which  recovery  depends  uiion  the  development  of 
immunity  on  the  part  of  the  body.  3die  immunity  consists 
in  the  production  of  antitoxins  and  agglutinins,  and  until 
such  immunity  has  developed,  the  disease  will  continue 
irrespective  of  the  character  of  the  feedimL 
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Symptoms 

In  typical  cases  of  dysentery  in  infants  the  onset  is  sud¬ 
den,  with  severe  prostration  and  high  temperature.  The  in¬ 
fant  may  vomit  a  few  times,  hut  vomiting  is  neither  a  con¬ 
stant  nor  a  persistent  symptom.  Convulsions  may  occur, 
especially  in  the  case  of  young  infants  and  those  sutfering 
from  infection  with  the  Shiga  type  of  dysentery  bacillus. 
The  initial  toxemia  may  be  So  severe  that  the  infant  suc¬ 
cumbs  within  less  than  twelve  hours,  even  before  any 
marked  degree  of  diarrhea  has  developed.  The  general 
condition  of  the  patient  is  one  of  extreme  prostration  and 
apathy,  closely  resembling  that  of  typhoid  fever.  The 
severe  abdominal  pain  may  result  in  periods  of  restlessness 
and  irritability.  Refusal  of  food  and  even  of  water  is 
commonly  observed,  so  that  it  may  become  necessary  to 
feed  by  gavage.  The  abdomen  is  usually  distended  and 
often  tender. 

At  about  the  time  of  the  onset  of  fever  or  shortly  there¬ 
after  the  stools  become  loose.  They  are  at  first  thin, 
watery,  and  contain  large  amounts  of  mucus,  but  do  not 
differ  greatly  from  those  seen  in  other  forms  of  diarrhea. 
In  typical  cases,  by  the  second  or  third  day,  or  at  times  even 
on  the  first  day,  blood  appears  in  the  stools  either  as  small 
flakes  or  in  sufficient  amounts  to  color  the  whole  stool. 
\\nien  the  disease  is  in  this  stage  the  diagnosis  of  intussus¬ 
ception  is  sometimes  confused  with  that  of  dysentery.  A 
careful  history  and  examination  usually  suffice  to  dis¬ 
tinguish  these  two  conditions.  Pus  is  present  in  the  stools 
in  microscopic  amounts  early  in  the  course  of  dysentery. 
Later  it  is  present  in  macroscopic  quantities.  In  some  in¬ 
stances  shreds  of  necrotic  membrane  may  be  seen.  The 
characteristic  stools  in  cases  of  well-developed  dysentery 
are  small  and  brownish-green,  and  may  consist  of  little  but 
blood,  mucus  and  pus.  They  have  a  peculiar  musty  odoi, 
resembling  that  of  wet  hay.  The  stools  are  passed  fre- 
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quently,  sometimes  as  often  as  every  half-hour  throughout 
the  day.  Accompanying  the  passage  of  the  stools  there  is 
marked  abdominal  pain  and  tenesmus. 

In  convalescence  the  transition  period  from  abnormal  to 
normal  stools  commonly  has  a  duration  of  three  to  seven 
days.  In  those  cases  of  dysentery  in  which  the  course  has 
been  prolonged  and  extensive  ulceration  has  occurred,  the 
stools  frequently  continue  to  be  bloody  or  purulent  for  as 
much  as  two  weeks  or  more  after  the  fever  subsides.  Be¬ 
cause  of  continued  indigestion  the  stools  may  not  resume 
their  normal  character  until  weeks  or  months  after  the 
temperature  has  become  normal  and  other  symptoms  of 
the  disease  have  disappeared.  The  stools  may  continue  to 
be  numerous,  eight  to  ten  a  day,  and  contain  undigested 
food  and  some  mucus,  although  jdus  and  blood  may  no 
longer  be  present.  In  convalescence  the  stools  may  be 
formed  and  apparently  normal  for  a  day  or  two,  and  sub¬ 
sequently  contain  blood  and  pus,  presumably  the  result  of 
the  breaking  down  of  an  ulcer.  This  change  in  the  char¬ 
acter  of  the  stools  may  occur  with  very  little  exacerbation 
of  the  general  sjunptoms. 

The  urine  is  scanty  due  to  the  diminished  fluid  intake 
and  the  loss  of  fluid  by  way  of  the  bowel.  During  the  height 
of  the  disease  traces  of  albumin  and  a  few  granular  casts 
usually  are  present  in  the  urine.  Acetone  and  diacetic  and 
oxybutyric  acids  often  are  present  in  traces  and  sometimes 
in  large  amounts,  even  early  in  the  course  of  the  disease. 
Aectonuria  is  more  frequent  in  dysentery  than  in  other 
forms  of  diarrhea  and  is  probably  the  result  of  liver 
damage  by  the  toxins  of  the  dysentery  bacillus. 

The  blood  shows  a  polymorphonuclear  leukocytosis,  the 
total  white  count  being  between  18,000  and  25,000.  In  some 
instances  marked  leukopenia  occurs  at  the  onset  of  the 
disease.  This  initial  leukopenia  may  lead  one  to  suspect 
the  presence  of  typhoid  fever.  The ‘differential  leukocyte 
count  by  the  Schilling  method  shows  a  very  distinct  in- 
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fectious  pictui'(‘,  eoiFsistini;-  of  a  “sliift  to  tlio  left, 
is  true  l)otli  in  tliose  cases  in  which  there  is  lenk 
and  in  those  in  Avhicli  lenko])enia  occurs. 


’’  This 
ocytosis 


The  course  of  dysentery  is  varialile,  the  average  duration 
lieiiig  from  two  to  tliree  weeks.  l)ui*ing  this  time  the  fevei' 
is  likely  to  he  of  a  contiimons  type,  Avith  only  occasional 
remissions.  The  fever  usually  is  higher  during  the  first 
week  than  subsequently.  During  the  third  Aveek  a  tendency 
to  enter  couAuilescence  is  commonly  obserA^ed.  As  con¬ 
valescence  begins,  the  temperature  falls  by  slow  and  ir¬ 
regular  lysis.  The  temperature  may  become  iiractically 
normal  for  a  day  or  tAvo,  and  then  rise  again  and  remain 
elevated  for  a  number  of  days.  At  any  time  during  the 
course  of  the  disease  the  temperature  may  be  influenced 
by  complicating  infections,  esiiecially  otitis  media,  pyelitis, 
or  pneumonia.  The  course  of  dysentery  may  be  greatly 
prolonged,  especially  in  undernourished  infants  Avho  have 
surviAmd  the  acute  period ;  in  these  the  feAmr  and  all  of  the 
other  sym|)toms  may  persist  for  as  long  as  one  or  tAvo 
months.  In  other  cases,  death  may  occur  Avithin  the  first 
tAventy-four  hours  as  the  result  of  an  overAvhelming 
toxemia.  Abortive  attacks  also  are  seen,  especially  in  older 
infants  and  during  epidemics.  There  may  be  only  slight 
fever  for  tAvo  or  three  days ;  the  stools  may  be  loose  but  not 
of  the  characteristic  dyscntei-ic  type.  One  might  suppose 
that  these  Avere  not  cases  of  true  dysentery,  Avere  it  not 
foi-  the  fact  that  dysentery  bacilli  are  isolated  from  the 
stools. 


In  all  cases  of  severe  dysentery  marked  inqiairment  of 
the  nutrition  occurs,  but  Avith  suitable  dietetic  management 
the  degree  of  malnutrition  may  be  controlled  to  a  consider¬ 


able  extent. 


Complications 


Otitis  media,  ])yelitis,  and  pneumonia  are  the  chief  com¬ 
plications  Avhich  may  occur  during  the  course  of  dysentery. 
The  otitis  media  often  devehqis  insidiously  and  may  there- 
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foi-o  he  overlooked.  3diei-e  may  be  no  symptoms  referal)  e 
to  the  ears,  even  tlion-h  otoscopic  examination  reveals  a 
red,  hnlging-  drum.  Unless  the  ears  are  regularly  ex¬ 
amined,  the  first  intimation  of  the  presence  of  otitis  media 
may  he  a  discharge  of  pus  from  one  or  both  ears. 

Pyelitis  is  more  frequent  in  very  young  infants  and  in 
cases  in  which  the  course  of  the  dysentery  is  prolonged. 
The  urine  contains  ])us  cells  and  colon  bacilli;  only  very 
rarely  are  dysentery  bacilli  present  in  the  urine. 

Pneumonia,  when  occurring  as  a  complication,  is  usually 
of  the  bronchial  type,  although  lobar  pneumonia  may  oc¬ 
cur.  Pneumonia  is  more  fi-equent  iir  very  young  and  under¬ 
nourished  infants. 

Pi-olapse  of  the  rectum  occurs  in  a  fair  proportion  of 
cases  of  severe  dysentery. 

Prognosis 

The  course  of  dysentery  and  its  jirognosis  have  been 
changed  greatly  by  the  use  of  sulfonamide  drugs.  The 
preceding  discussion  is  of  the  disiuise  as  it  occurs  without 
sulfonamide  therapy  and  as  it  occurs  until  the  baby  comes 
under  medical  care  and  the  diagnosis  is  made.  Even  Avith 
good  symptomatic  treatment  and  Avith  expert  care,  the  mor¬ 
tality  in  infancy  is  high  Avithout  sulfonamide  therapy. 
^  oung  infants  and  those  AAdio  are  undernourished  usually 
haA^e  less  resistance  to  the  infection  than  older  persons, 
and  the  disease  is  more  likely  to  proAm  fatal.  Tn  the  iires- 
(mce  of  e])idemics  of  dysentery,  one  may  observe  in  a  single 
family  a  ra]hdly  latal  course  in  inlants,  a  ])rolonged  coursi* 
with  ultimate  recoA'ery  in  older  (diildren,  and  merely  slight 
indisposition  and  mild  diarrhea  in  the  adults.  Before 
sulfonamide  therapy  the  average  moi-tality  rate  in  infancy 
was  approximately  23  per  cent.  With  sulfonamide  therapy 
the  mortality  rate  is  much  Iowim-  and  the  course  of  the  dis¬ 
ease  much  shorter.  Percentage  tigures  cannot  be 
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even  approximately  at  present.  Mncli  depends  on  the  time 
elapsed  between  the  onset  of  the  disease  and  the  nse  of 
sulfonamides. 

Treatment 

Treatment  of  babies  with  dysentery  includes  production 
and  maintenance  of  hydration,  aiopropriate  alimentation, 
s^unptomatic  treatment  for  comfort,  and  chemotherapy. 

As  in  all  cases  of  diarrhea  maintenance  of  water  balance 
is  essential.  Many  babies  with  dysentery  refuse  to  take 
water  voluntarily  and  it  becomes  necessary  to  administer 
fluid  by  gavage,  by  nasal  drip,  or  parenterally.  Blood 
transfusions  are  of  value  and  are  indicated  when  the  ’ 
course  of  the  disease  is  prolonged  beyond  a  week. 

The  diet  should  be  one  which  is  adequate  to  meet  the 
nutritional  requirements,  but  which  is,  at  the  same  time, 
adapted  to  the  limited  digestive  capacity.  It  should  be 
clearly  understood  that  the  diarrhea  of  dysentery  cannot  bo 
entirely  checked  by  dietary  means  alone,  for  the  diarrhea 
will  continue  so  long  as  the  infection  is  active  and  until  the 
intestinal  lesions  have  healed,  irrespective  of  whether  the 
infant  is  fed  or  starved.  Any  type  of  food,  however,  which 
is  indigestible  and  irritating  may  aggravate  the  diarrhea. 

Because  of  the  limited  digestive  capacity  of  infants  suf¬ 
fering  from  dysentery,  acid  milk  in  some  form  is  preferable 
to  sweet  milk  as  a  basis  of  the  diet.  Fat  should  not  be 
present  in  the  diet  in  any  large  amount  because  of  the 
fact  that  fatty  acids  and  soaps  appear  to  be  especially 
irritating  to  the  ulcerated  areas  in  the  intestine.  Also,  fat 
tends  to  aggravate  the  gastric  stasis  that  is  commonly 
present  in  babies  who  are  ill  from  any  cause.  The  milk 
fed  should,  therefore,  be  partially  or  completely  skimmed. 
An  excess  of  laxative  types  of  sugar  should  be  avoided 
because  of  the  irritating  action  on  the  lower  bowel. 

A  suitable  feeding  for  babies  with  dysentery  is  one 
which  has  for  its  basis  acidified  skimmed  milk  to  which  has 
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been  added  either  dextrose  or  one  of  the  dextrin-maltose 
preparations.  A  suitable  proportion  of  carbohydrate  to 
add  is  30  Gm.  to  each  450  ml.  (one  ounce  to  each  fifteen 
ounces)  of  acid  skimmed  milk.  Such  a  formula  should  be 
fed  at  reasonable  intervals  and  the  infant  should  be  allowed 
to  take  all  he  desires.  Anorexia  may  be  so  extreme  that 
little  food  is  taken;  in  such  cases  the  food  should  be  ad¬ 
ministered  by  gavage.  The  total  amount  given  at  a  feed¬ 
ing  should  be  only  slightly  less  than  that  ordinarily  taken 
by  an  infant  of  the  age  under  nonnal  conditions.  Starva¬ 
tion  or  prolonged  underfeeding  must  be  avoided.  A  con¬ 
tinuation  of  the  diarrhea  is  no  contraindication  to  feed¬ 
ing;  but  if  the  feeding  appears  definitely  to  increase  the 
diarrhea,  the  volumes  of  the  feedings  should  be  decreased, 
any  fat  present  should  be  removed,  and  possibly  the  amount 
of  sugar  should  be  decreased. 

In  the  case  of  infants  over  six  months  of  age,  the  milk 
and  sugar  mixture  may  be  supi)lemented  by  the  addition 
of  well-cooked  cereal  gruels  prepared  from  barley  flour, 
cornstarch,  or  arrowroot.  The  rougher  whole-grain  cereals, 
such  as  oatmeal,  should  not  be  used.  Many  older  infants 
refuse  to  take  any  form  of  acid  milk,  and  for  these  boiled 
skimmed  milk  or  milk  prepared  from  powdered  skimmed 
milk  may  be  substituted.  Vegetables,  fruit,  and  meat 
should  be  omitted  until  convalescence  is  established.  As 
early  as  possible  in  the  course  of  the  disease  it  is  desirable 
to  have  the  diet  “complete.”  Strained  orange  juice  is  well 
tolerated,  as  is  also  cod-liver  oil  after  the  most  acute  stage 
is  passed.  Thiamine  is  indicated  and  should  be  given  in  a 
form  that  does  not  aggravate  the  diarrhea.  As  the  tem¬ 
perature  falls  and  the  general  symptoms  of  dysentery  dis¬ 
appear,  a  normal  diet  for  the  age  may  be  resumed  gradu¬ 
ally. 

A  diet  which  lias  had  considerable  vogue  in  the  treatment 
of  dysentery  has  been  one  containing  very  little  protein 
and  considerable  lactose.  The  theoretical  basis  of  this  diet 
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is  tlie  observed  fact  that  dysentery  liacilli  do  not  readily 
1‘ernient  lactose,  and  ])roduce  but  little  toxin  when  grown 
in  media  low  in  protein.  As  a  matter  of  Fact,  lactose,  when 
administei'(‘d  in  the  iood,  is  s])lit  larg(‘ly  into  the  ferment¬ 
able  dextros(‘  and  galactose  betore  reaching  the  lower  por¬ 
tion  of  the  intestinal  tract,  and  furthermore,  the  dysentery 
bacilli  have  invaded  the  mucosa  and  are  capable  of  pro¬ 
ducing  toxins  there  at  the  expense  of  body  protein.  In 
actual  practice  the  lactose  diet  has  not  jiroved  to  be  an 
effective  one. 

Apple  and  the  various  pectin  ])reparations  have  some 
degree  of  usefulness  in  ameliorating  the  diarrhea  of  dys¬ 
entery.  The  manner  of  use  is  discussed  under  Diarrhea. 

Opium  is  of  value  in  relieving  pain  and  tenesmus  and  in 
sloAving  down  intestinal  peristalsis.  The  disadvantage  in 
the  use  of  opium  is  that  it  tends  to  increase  abdominal  dis¬ 
tention.  Opium  may  be  given  in  the  form  of  paregoric,  be¬ 
ginning  with  an  initial  dose  of  0.3  to  0.6  ml.  (5  to  10  min¬ 
ims).  Phenol)arbital  also  is  useful  in  the  relief  of  tenes¬ 
mus,  pain,  and  I'estlessness.  It  may  be  used  alone  or  in 
combination  with  opiates  for  this  purpose.  Bismuth  sub¬ 
carbonate  in  large  doses  may  have  the  effect  of  coating  the 
ulcerations  and  relieving  irritation.  Irrigation  of  the  colon 
with  dilute  silver  nitrate  solution  has  been  used  with  the 
idea  of  promoting  healing  of  the  ulcers.  These  irrigations 
are  extremely  ])ainful,  accomplish  little  good,  and  are  not 
to  be  recommended.  Iiulgafion  of  the  colon  with  plain 
water  or  normal  saline  serves  to  remove  ]uucus  and  at 
times  appears  to  I'elieve  tenesmus.  It  is  Avell  to  follow  the 
irrigation  with  a  retention  enema  ot  starch  paste  contain¬ 
ing  from  0.2  to  0.3  ml.  (3  to  b  minims)  of  laudanum.  The 
use  of  cathartics  is  contraindicated  in  all  cases  of  dysentery. 

The  administration  of  antidysentery  sera  would  appear 
to  be  a  logical  method  ol  treatment.  If  an}"  effect  is  to  be 
obtained,  however,  the  sei'um  should  be  one  which  is  specific 
for  the  particular  infecting  organism.  Polyvalent  sera 
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have  been  prepared  l)y  iiTinuinization  of  horses  with  cul¬ 
tures  of  the  various  types  of  dysentery  bacdli.  The  resu  ts 
from  the  use  of  such  sera  have,  in  general,  been  disappoint- 
ingj  althongh  in  some  reported  epidemics  of  Shiga  bacillus 
infection,  good  results  have  been  obtained  when  the  specific 
serum  was  administered  very  early  in  the  course  of  the  dis¬ 
ease.  If  serum  is  to  be  used  at  all,  it  should  be  given  early 
in  the  disease  and  in  doses  of  from  10  to  20  c.c.  subcutane¬ 
ously  once  or  twice  daily.  It  has  been  claimed  that  serum 
given  by  rectum  is  sometimes  effective.  AVe  have  had  no 
experience  with  this  method  of  administiation. 

The  value  of  vaccines  in  the  treatment  of  dysentery  has 
not  been  demonstrated. 

Chemotherapy 

The  sulfonamide  drugs  have  proved  of  great  value  in 
the  treatment  of  persons  with  bacillary  dysentery.  Opin¬ 
ion  differs  somewhat  as  to  which  preparation  is  preferable, 
but  differences  between  them  in  effectiveness  are  not  re¬ 
markable.  Originally  sulfaguanidine  was  used  because  of 
its  poor  absorption  and  its  effectiveness  within  the  gastro¬ 
intestinal  tract.  Those  who  have  used  this  drug  exten¬ 
sively  recommend  0.1  Gm.  for  each  kilogram  of  body  weight 
(3/4  grain  for  each  pound)  as  the  initial  dose.  One-half 
of  this  amount  is  then  given  each  four  hours  thereafter 
until  the  number  of  stools  daily  has  decreased  to  less  than 
five,  when  tbe  interval  is  increased  to  eight  hours  for  a 
further  period  of  two  or  three  days  or  until  the  tempera¬ 
ture  has  become  normal  and  stool  cultures  are  negative. 
Because  in  a  small  proportion  of  babies  the  dysentery  is 
uninfluenced  by  this  procedure,  a  larger  dosage  for  all 
seems  desirable.  In  fact,  twice  the  dosage  stated  is  within 
reasonable  limits  when  dysentery  is  severe. 

More  recently  preference  has  lieen  shown  for  succinyl 
sulfathiazole  and  sulfapyrazine.  The  recommended  initial 
dose  is  0.25  Gin.  for  eaeli  kilogram  (I34  pji-ain  for  eacli 
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pound),  dlie  daily  maintenance  dose  is  the  same  amount 
divided  into  six  doses,  given  at  four-hour  intervals. 

Regardless  of  which  drug  is  chosen,  better  results  are 
obtained  if  treatment  is  started  early  in  the  course  of  the 
disease  before  the  lesions  in  the  colon  have  become  severe. 
If  ulceration  has  occurred  extensively,  at  least  moderate 
indigestion  may  be  expected  to  continue  after  the  causa¬ 
tive  organisms  have  disappeared.  Decrease  in  fever  and 
improvement  in  the  appearance  of  the  baby  are  observed 
within  one  or  two  days.  At  the  time  the  fever  decreases 
or  within  one  or  two  days  subsequently  improvement  oc¬ 
curs  in  the  number  and  character  of  the  stools.  Some  ab¬ 
normality  of  the  stools  may  be  expected  for  as  long  as 
anatomical  lesions  remain. 


CHAPTER  XXII 
THE  CELIAC  SYNDROME 

Tlie  term  celiac  syndrome  is  often  used  to  designate  a 
<'-roup  of  chronic  gastrointestinal  disturbances  charactei- 
ized  by  the  passage  of  bulky,  foul  stools,  abdominal  dis¬ 
tention,  and  severe  malniitrition  due  to  lack'  of  absorption 
of  foodstuffs.  Some  clinicians  include  under  this  term  such 
diverse  conditions  as  malrotation  of  the  bowel  and  tubei- 
ciilous  enteritis.  More  commonly  the  term  celiac  syndrome 
is  used  to  designate  intolerance  for  fat  and  staicli  and  in¬ 
cludes  celiac  disease  and  fibrocystic  disease  of  the  pan¬ 
creas.  O.ccasionally  certain  intestinal  parasites,  especially 
Giardia  lamblia,  cause  symptoms  similar  to  those  of  the 
celiac  syndrome. 

Celiac  Disease 

(Chronic  Intestinal  Indigestion,  Intestinal  Infantilism, 
Idiopathic  Steatorrhea,  Gee-Herter  Disease) 

Celiac  disease  was  first  clearly  differentiated  by  Gee,  of 
St.  Bartholomew’s  Hospital,  in  1888.  His  original  descrip¬ 
tion  was  as  follows : 

“There  is  a  kind  of  chronic  indigestion  which  is  met 
with  in  persons  of  all  ages,  yet  is  especially  apt  to  affect 
children  between  one  and  five  years  old.  Signs  of  the 
disease  are  yielded  by  the  feces;  being  loose,  not  formed, 
but  not  watery;  more  bulky  than  the  food  taken  would 
seem  to  account  for;  pale  in  color,  as  if  devoid  of  bile; 
yeasty,  frothy,  an  appearance  probably  due  to  fermenta¬ 
tion;  stinking,  stench  often  very  great,  the  food  having 
undergone  putrefaction  rather  than  concoction.  The  pale, 
loose  stool  looks  very  much  like  oatmeal  porridge  or  gruel. 
The  hue  is  somewhile  more  yellow,  otlierwhile  more  drab. 

“The  patient  wastes  more  in  the  limbs  than  in  the  face, 
which  often  remains  plump  until  death  is  nigh.  In  the 
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limbs,  emaciation  is  at  first  more  apparent  to  hand  than 
to  eye,  the  flesh  feeling  soft  and  flabby. 

“To  diarrhea  alba  add  emaciation  and  cachexia,  and  we 
liave  a  complete  picture  of  the  disease.” 

This  description  covers  the  essential  features  of  the  dis¬ 
ease.  Typical  cases  of  celiac  disease  are  not  common. 
Tliey  a])pear  to  be  somewhat  more  numerous  in  the  soutli- 
ern  states  than  elsewhere  in  the  United  States. 


Etiology  and  Pathology 

Celiac  disease  is  not  seen  in  breast-fed  infants  and  is 
rarely  seen  during  the  first  year  of  life..  In  some  cases  a 
history  of  improjier  feeding  is  obtained.  Occasionally  the 
disease  follows  an  attack  of  diarrhea.  Herter  believed  the 
condition  to  be  due  to  persistence  of  an  infantile  type  of 
flora  in  the  intestinal  tract,  but  the  evidence  in  sujiport  of 
this  view  is  not  convincing.  Because  of  the  light  color  of 
the  stools,  deficiency  in  bile  secretion  has  been  considered 
by  some  as  a  causative  factor.  The  liver  is  smaller  than 
normal,  but  microscopically  shows  no  changes.  Pancreatic 
insufficiency  does  not  occur  in  celiac  disease,  although  it 
is  an  important  factor  in  cystic  fibrosis  of  the  pancreas 
which  is  discussed  subsequently. 

A  frequent  finding  in  celiac  disease  is  gastric  achlor¬ 
hydria.  An  excessive  hydrolability  has  been  observed  in 
many  of  the  children  with  this  disease. 


The  evidence  indicates  that  celiac  disease  is  the  result 
of  a  functional  rather  than  an  organic  disturliance.  Kx- 
perimental  observations  with  markedly  undernourished 
children  have  shown  decreased  ability  to  utilize  fat  and 
starch.  Presumably  this  decreased  function  is  dependent 
on  malnutrition.  Since  failure  of  fat  absorption  is  one  of 
the  outstanding  characteristics  ot  celiac  disease,  it  is  rea¬ 
sonable  to  consider  that  malnutrition  may  be  an  importani 
causative  factor  in  the  occurrence  of  this  disease.  The 
existence  of  diarrhea  and  digestive  disturliance  preceding 
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,.eliac  disease  in  many  iiistances  offers  ample  opportunity 
tor  malnutrition  and  this  particular  type  ot  functional  di- 
o’estive  distiirlifinco. 

Symptoms 


Celiac  disease  develops  sometime  after  the  infant  has 
been  weaned,  usually  during  the  second  year  after  birth. 
The  onset  may  he  insidions.  The  infant  ceases  to  gain  in 
weight,  hecoines  irritable,  the  abdomen  distends,  and  the 
stools  gradually  assume  the  features  characteristic  of  the 
disease.  In  other  instances  the  onset  is  related  to  an  attack 


of  diarrhea  from  wliicli  the  infant  never  recovers  com¬ 
pletely.  When  the  condition  is  fully  developed,  the  stools 
are  bulky,  light-colored,  greasy  in  aiipearance,  frothy,  and 
extremely  fonl-smelling.  They  consist  chiefly  of  fatty 
acids  and  soaps,  Avith  small  amounts  of  neutral  fat.  Un¬ 
digested  food  particles  may  be  seen.  Blood  or  piis  is  not 
present.  The  light  color  of  the  stools  is  not  due  to  absence 
of  bile  pigment,  as  this  may  be  detected  chemically. 

The  number  of  stools  varies  from  four  to  eight  daily,  but 
during  acute  exacerbations  of  the  disease  the  stools  may 
become  much  more  numerous.  Alternating  with  severe 
diarrhea  are  periods  in  which  the  stools  have  a  fairly  firm 
puttylike  consistency.  They  are  still  bulky  and  foul-smell¬ 
ing,  however,  and  always  contain  an  excess  of  soaps  if  fat 
is  being  fed. 

The  aiDpetite  is  variable.  Almost  complete  anorexia  may 
persist  for  days  at  a  time  and  then  the  child  may  appear 
ravenously  hungry,  yet  may  refuse  food  when  it  is  placed 
before  him.  Vomiting  is  not  a  prominent  symptom.  The 
tongue  is  pale  and  may  be  glazed  and  fissured. 

The  somatic  symptoms  are  those  of  food  deprivation 
pioduced  by  failure- of  absorption.  Beficiency  disease  of 
almost  any  type  may  appear.  Unless  the  condition  is 
brought  under  control,  the  infant  wastes  to  an  extreme  de¬ 
gree.  Subcutaneous  fat  disappears  throughout  the  body. 
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The  wasted  extremities  are  in  striking  contrast  to  the 
greatly  distended  abdomen,  giving  to  the  infant  a  peculiar 
spiderlike  appearance. 

Edema  is  present  frequently  and  is  dependent  on  a  low 
concentration  of  albumin  in  the  blood  plasma,  not  to  renal 
or  cardiac  disease.  Progressive  muscular  weakness  and 
wasting  occur.  Children  who  may  have  been  walking 
often  become  bedridden.  A  moderate  degree  of  secondary 
anemia  usually  is  present.  The  calcium  and  phosphorus 
of  the  blood  may  be  lower  than  normal. 

Growth  of  the  long  bones  becomes  retarded  so  that  the 
child  at  the  age  of  five  or  six  years  may  be  no  taller  than 
a  normal  child  of  two  years.  Osteoporosis  is  commonly 
observed,  but  growth  usually  is  too  slow  for  rickets  to 
develop.  Some  of  the  changes  in  the  bones  may  be  similar 
roentgenographically  to  those  observed  in  rickets.  The 
term  “celiac  rickets”  has  been  applied  to  the  condition. 

Tetany  may  occur.  Scurvy  is  sometimes  seen  as  a  result 
of  dietary  restriction.  Glucose  tolerance  curves  usually  are 
flat,  due  to  slow  absorption  from  the  intestinal  tract.  Chil¬ 
dren  with  celiac  disease  are  likely  to  be  irritable  and  fret¬ 
ful  and  difficult  to  manage.  Because  of  failure  of  muscular 
performance  expected  for  the  age,  mental  backwardness 
may  be  suspected,  though  none  occurs  as  a  result  of  the 
disease. 

The  condition  is  a  chronic  one,  lasting  for  years  unless 
brought  under  control  by  dietary  means. 

Treatment 

The  essential  factor  in  the  treatment  of  celiac  disease  is 
dietary  regiilation.  These  children  have  intolerance  for 
fat  and  for  starches.  This  intolerance  appears  to  be  due 
not  to  lack  of  pancreatic  enzymes,  but  primarily  to  diffi¬ 
culty  in  absoriDtion.  It  is  claimed  that  the  difficulty  lies 
in  lack  of  phosphorylation  of  glucose  and  the  fatty  acids, 
but  this  theory  is  not  yet  proved.  At  the  onset  of  the  condi¬ 
tion  the  intolerance  for  complex  carbohydrate  appears  first. 
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As  the  condition  develops,  intolerance  for  fats  subsequently 
a,  pear^  As  improvement  occurs  under  dietary  manage- 
Zt!  it  becomes  possible  first  for  the  child  to  tolerate  fats 
and  only  later  the  complex  carbohydrates.  In  at 
stances  intolerance  to  only  one  of  these  food  factors  is 


present.  i  p  +1 

Starcli-eontaining  foods  sliould  constitute  no  part  ot  the 

diet  The  polysaccharides  in  a  general  way  may  he  ex¬ 
pected  to  aggravate  the  disease.  :Monosaccharides  are  well 
tolerated  and  may  be  fed  in  large  amounts  to  satisfy  the 
carbohydrate  and  energy  needs.  As  the  carbohydrates  of 
fruits  are  largely  monosaccharides,  fruits  and  fruit  juices 
can  be  taken  freely.  Orange  juice  may  be  administered 
with  safety.  Eipe  bananas  are  especially  well  tolerated 
despite  their  content  of  sucrose,  and  commonly  have  a 
prominent  place  on  the  therapeutic  diet  because  of  theii 
high  content  of  simple  carbohydrates  in  solid  and  easily 
digestible  form,  and  their  relative  lack  of  irritating  un- 
digestible  residue. 

The  child  with  celiac  disease  may  take  protein  in  large 
amounts  with  impunity  and  protein  of  necessity  must  form 
the  basis  of  the  diet.  The  protein  of  skimmed  milk,  egg 
white,  meat,  fish,  chicken,  or  liver  may  be  given.  Because 
of  the  lowered  gastric  acidity  that  is  so  often  a  feature  of 
celiac  disease,  acid  milks  are  better  tolerated  than  sweet 
milk,  though  in  most  instances  boiled  sweet  skimmed  milk 
is  entirely  satisfactory. 

According  to  the  plan  of  treatment  recommended  by 
some,  protein  milk  is  the  basis  of  the  diet  and  constitutes 
the  sole  diet  for  three  or  four  weeks,  or  until  the  stools 
have  become  firm  and  the  child  has  begun  to  gain  weight. 
Satisfactory  results  may  be  obtained  with  the  protein  milk 
diet,  especially  in  instances  of  milder  disease,  but  protein 
milk  contains  more  fat  than  is  desirable  to  give  in  the  more 
severe  disease,  and  beneficial  effects  are  obtained  more 
])romptly  even  in  the  mild  disease  when  less  fat  is  fed. 
Also  a  complete  diet  is  desiralile  from  the  beginning. 
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and  protein  milk  alone  does  not  qualify  in  this  respect. 
\\  ith  properly  chosen  foods  the  diet  may  be  made  com- 
plete,  a  more  appetizing  and  somewhat  more  liberal  diet 
IS  possible,  and  improvement  in  the  condition  of  the  child 
may  lie  noted  almost  at  once.  Such  a  diet  may  consist  of 
the  following  foods: 

Boiled  skimmed  milk  (or  acidified  skimmed  milk)  720 
to  1000  ml.  (24  to  32  ounces). 

Cottage  cheese  from  skimmed  milk  30  grams  (1  ounce) 
whites  2  or  3  (coddled — cooked  slowly  in  Avater  jnst 
below  the  boiling  point) 

Sieved  boiled  liver  30  to  50  grams  (1  to  11/2  ounces) 

Baked  ripe  banana  or  very  ripe  raw  banana  1  or  2 

Strained  orange  juice  250  ml.  (8  ounces) 

Strained  tomato  juice  250  ml.  (8  ounces) 

Cod-liver  oil  1  teaspoonfnl  (300  to  400  units  of  vitamin 
D)  or  a  concentrate  of  vitamins  A  and  D  dispersible  in 
milk 

The  total  amount  of  food  is  divided  into  four  feedings 
for  the  day. 

This  diet  is  sniiplemented  Avith  dextrose  AAdiich  is  given 
in  10  per  cent  solution  flaAmred  AAdth  orange  jnice.  As 
much  as  125  to  200  milliliters  (4  to  6  ounces)  of  this  solu¬ 
tion  may  be  giAmn  at  hourly  intervals  betAveen  meals.  If 
Avell  taken,  the  amount  of  dextrose  may  be  increased  be¬ 
yond  the  amounts  stated;  a  total  of  200  grams  nsnally  is 
taken  easily.  The  liasic  diet  supplies  all  nutritional  essen¬ 
tials  except  adequate  energy.  By  means  of  dextrose  addi¬ 
tions  a  high  energy  intake  is  possible,  leading  to  more 
rapid  Aveight  gain  and  more  ra])id  recoA^ery  from  the  dis¬ 
ease. 

With  a  diet  such  as  the  one  discussed,  fully  adequate  in 
calories,  minerals,  and  the  knoAvn  Autamins,  the  nutrition 
of  the  child  should  improve  rapidly,  the  stools  should  be¬ 
come  relatively  normal,  and  the  appearance  of  health 
should  be  regained  rather  quickly.  Although  gain  in 
Aveight  may  begin  at  once,  groAvth  in  height  may  not  be 


CELIAC  SYNDROME 


329 


observed  for  several  weeks.  Once  growth  iii  body  length 
starts,  it  progresses  rapidly  until  the  normal  lieight  for 
the  age  is  approached. 

A  child  treated  in  this  manner  soon  reaches  a  stage  of 


inp^rovement  at  which  he  seems  as  normal  as  other  chil¬ 
dren,  but  the  tolerance  for  fat  and  complex  carbohydrate 
returns  slowly.  Conti mions  improvement  occurs  only  if 
the  diet  is  constantly  low  in  fat  and  complex  carbohydrate. 
Early  in  the  course  of  management,  one  cracker  or  one 
spoonful  of  potato  may  cause  a  digestive  upset  of  several 
days’  duration. 

After  weeks  of  restricted  diet,  or  even  several  months, 
when  the  disease  is  severe,  fat  may  ])e  added  cautiously. 
The  first  change  is  from  skimmed  milk  to  half  skimmed 
milk,  then  to  whole  milk.  Whole  egg  may  be  given  instead 
of  egg  white.  Before  complex  sugars  are  added  to  the  diet, 
variety  and  relief  from  monotony  may  be  attained  by  addi¬ 
tions  of  moderate  amounts  of  well-cooked  green  vegetables 
(not  starchy  varieties)  and  of  strained  cooked  ripe  fruit 
other  than  banana  and  orange.  Tolerance  for  starch  re¬ 
turns  late,  sometimes  a  year  or  more  of  progressive  im- 
jnovement  being  necessary  before  appreciable  amounts 
of  starch  may  be  given.  The  first  additions  should  be  made 


tentatively  and  most  cautiously.  Since  complex  sugars 
and  starches  are  the  last  additions  to  the  diet,  the  gradual 
inciease  in  these  materials  leads  to  a  normal  unrestricted 
diet.  The  duration  of  the  period  of  management  before 
tins  Stage  is  reached  is  widely  variable  and  may  be  as  lono- 
as  two  years  or  even  more.  * 

The  role  of  various  vitamins  has  been  studied  in  an 

attempt  to  discover  the  cause  of  celiac  disease.  In  inal- 

nutrition  as  general  and  severe  as  occurs  in  celiac  disease 

the  addition  to  the  diet  of  any  one  component  in  an  ea^; 

ahsorhable  form  may  be  expected  to  result  in  improvenie  t 

What  IS  needed  is  a  dietary  regimen  adequate  in  all  re 

spects,  not  just  a  few.  Too  much  emphasis  on  one  phase 

f  the  legimen  often  leads  to  neglect  of  other  and  eniiallv 
necessary  phases.  equally 
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In  tlie  treatment  of  celiac  disease  it  is  essential  that 
proper  attention  he  paid  to  the  general  hygienic  surround¬ 
ings  of  the  child.  Fresh  air,  sunlight,  proper  clothing  and 
sufficient  rest  all  tend  to  promote  recovery.  These  chil¬ 
dren  are  difficult  to  manage,  and  remain  fretful  and  quer¬ 
ulous  until  their  nutrition  becomes  much  imjoroved.  Who¬ 
ever  cares  for  them  should  be  even-tempered,  considerate, 
and  possessed  of  infinite  patience.  Harsh  treatment  may 
cause  the  child  to  lose  the  appetite  for  days.  On  the  other 
hand,  these  children  must  not  be  spoiled  by  excessive  in¬ 
dulgence.  The  diet  must  be  continued  persistently,  and  no 
variations  should  be  made  only  for  the  purpose  of  satis¬ 
fying  the  child.  With  proper  treatment,  children  with 
celiac  disease  may  be  expected  to  reach  completely  normal 
mental  and  physical  development. 

Cystic  Fibrosis  of  the  Pancreas 

(Pancreatic  Insufficiency,  Pancreatic  Fibrosis) 

Cystic  fibrosis  of  the  pancreas  is  a  disease  in  which  the 
outstanding  abnormalities  are  in  the  pancreas  and  in  the 
bronchi.  The  pulmonary  lesion  is  not  represented  in  the 
name  of  the  disease,  but  it  is  a  prominent  part  of  the 
clinical  picture.  When  the  disease  of  the  pancreas  has 
advanced  sufficiently,  the  symptoms  resemble  closely  those 
of  celiac  disease. 

The  underlying  abnormality  in  this  disease  is  inspissa- 
tion  of  body  secretions.  Thickened  secretion  in  the  pan¬ 
creatic  ducts  interferes  with  the  flow  of  digestive  secretions 
of  the  pancreas  into  the  digestive  tract.  The  parenchyma 
of  the  pancreas  eventually  undergoes  cystic  and  fibrotic 
change.  The  lack  in  the  intestinal  tract  of  the  digestive 
secretion  of  the  pancreas  causes  indigestion  and  nutritive 
failure.  Inspissated  secretions  in  the  bronchi  tend  to 
occlude  some  of  the  smaller  bronchi  arid  to  lead  to  infection 
of  the  affected  areas.  At  times  tlie  liver  may  be  affected 
also  because  of  obstruction  of  its  ducts.  The  clinical  find¬ 
ings  vary  depending  on  which  organs  are  most  severely 

affected. 
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In  a  few  instances  the  pancreatic  disease  is  well  advanced 
at  birth.  In  these  cases  the  meconium  is  often  too  thick 
to  be  passed  on  and  the  baby  dies  of  meconium  ileus.  Pan- 
creatin  added  to  these  thick  secretions  changes  them  to  a 
thin  watery  fluid  .that  could  be  moved  along  the  intestinal 
tract  easily. 

The  majority  of  children  with  fibrocystic  disease  of  the 
pancreas  show  evidence  of  it  in  early  infancy.  When  it 
appears  early  the  respiratory  difficulties  dominate  the  pic¬ 
ture  and  the  infant  rarely  survives  the  first  year. 

When  the  disease  is  less  severe,  the  respiratory  disturb¬ 
ance  is  less  marked  than  the  nutritional  disease  and  the 
symptoms  resemble  those  of  celiac  disease.  These  children 
do  not  improve  with  the  dietary  therapy  for  celiac  disease. 
Digestion  and  absorption  of  all  food  are  sharply  decreased ; 
the  volume  of  the  intestinal  content  is  increased,  causing 
abdominal  distention  and  excretion  of  large  loose  stools 
that  are  foul.  These  children  fail  to  absorb  not  only  fat 
and  complex  carbohydrate,  as  in  celiac  disease,  but  they 
also  have  abnormal  amounts  of  protein  in  the  stools.  Often 
the  fecal  fat  is  unsplit,  but  considerable  hydrolysis  of  the 
fat  may  occur  if  intestinal  lipase  is  present.  Symptoms  of 
vitamin  A  deficiency  may  be  marked  because  of  failure  of 
absorption. 


The  pancreatic  secretion  that  reaches  the  duodenum  con¬ 
tains  very  small  amounts  of  digestive  enzymes ;  the  secre¬ 
tion  itself  is  thick  and  mucilaginous.  Examination  of  this 
secretion  is  the  most  certain  method  of  differentiatiim 
cystic  disease  of  the  pancreas  from  celiac  disease.  The 
placing-  of  a  duodenal  tube  to  obtain  secretion  should  be 
checked  by  fluoroscopy  to  be  certain  that  aspirated  fluid 
does  not  represent  Rastric  content.  A  ropy  secretion  that 
sticks  to  a  Rlass  rod  is  cliaracteristic  of  cystic  disease  of 
the  pancreas,  as  is  a  secretion  lacking  in  trypsin 

Another  procedure  useful  in  diagnosis  is  deteri, dilation 
of  the  ammo  acid  content  of  the  blood  before  and  at  inter 
vals  for  five  hours  after  ingestion  of  a  predetermined 
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amount  of  protein.  In  the  case  of  normal  infants  the 
amino  add  content  of  tlie  blood  increases  after  ingestion 
of  protein  and  reaches  a  maximum  in  approximately  two 
hours.  Infants  with  cystic  disease  of  the  pancreas  show 
little  or  no  increase  of  amino  acids  in  the  blood. 

Ijacking  facilities  for  examining  duodenal  secretion  or 
for  determining  the  amount  of  absorbed  protein  and  fat, 
ditferentiation  between  cystic  disease  of  the  pancreas  and 
celiac  disease  must  he  made  on  the  basis  of  therapeutic 
trial  of  celiac  dietary  therapy,  which  is  unsuccessful  in 
cystic  disease  of  the  ])ancreas  and  uniforml}^  successful  in 
celiac  disease. 

One  method  of  management  of  the  nuti-itional  phase  of 
cystic  disease  of  the  xiancreas  is  to  give  the  same  tyjie  of 
diet  as  is  useful  in  celiac  disease,  and  in  addition  to  give 
enteric  coated  granules  of  pancreatin.  Another  procedure 
is  to  give  a  food  that  requires  no  digestion  by  X3ancreatic 
enzymes.  Such  a  food  would  he  amino  acid  solutions  forti¬ 
fied  with  dextrose,  minerals  and  vitamins.  Correct  forti¬ 
fication  of  such  a  food  to  make  it  a  comxilete  diet  is  not 
simple.  AVith  effort  it  may  he  possible  to  maintain  the 
nutrition  of  these  children.  In  such  case  the  prognosis 
would  then  depend  much  on  the  status  and  progress  of 
the  respiratory  disease. 

Cystic  disease  of  the  xiancreas  should  always  he  consid¬ 
ered  as  a  x^ossihle  diagnosis  in  the  pi'ei^ence  of  malnutri¬ 
tion  accompanied  hy  diarrhea  or  increased  volume  of  stool 
and  in  chronic  infections  of  the  resxiiratory  tract  that  are 
refractory  to  treatment.  The  disease  is  not  rare.  The 
incidence  of  this  diagnosis  at  autopsy  is  re])orted  to  he 
from  one  to  five  per  cent.  Though  the  disease  is  predom¬ 
inantly  one  of  infancy  and  early  childhood,  it  may  come 
to  attention  at  a  later  time.  The  oldest  child  found  re¬ 
corded  was  fourteen  and  one-half  years  of  age. 


CHAPTER  XXIII 
VOMITING 

Tlie  most  frequent  causes  of  vomiting  in  infancy  are: 

1.  Overdistention  of  the  stomach  by  swallowed  air. 

2.  Too  frequent  feeding. 

3.  Too  large  volumes  of  food. 

4.  Unsuitable  composition  of  the  food. 

5.  Ln2:)roper  clothing  and  handling. 

G.  Parenteral  infections. 

7.  Habit  or  “nervous”  vomiting;  rumination. 

8.  Gastroenterospasm. 

9.  Obstruction  of  the  gastrointestinal  tract 

Atresia  of  the  esophagus 
Pyloric  stenosis 
Obstruction  of  tlie  duodenum 
Intussusception 

10.  Anhydremia. 

11.  Allergy. 

12.  Intracranial  conditions. 

13.  Toxic  states. 

Vomiting  Due  to  Swallowing  of  Air 

All  young  infants  swallow  a  certain  amount  of  air  dur¬ 
ing  and  between  feedings.  Roentgenograms  almost  invar- 
iably  reveal  an  air  bubble  in  the  stomach.  Infants  who 
are  underfed  and  consequently  ahvays  hungry  are  espe¬ 
cially  likely  to  swallow  large  amounts  of  air.  More  air  is 
swallowed  when  an  infant  takes  a  feeding  from  a  bottle 
while  lying  on  the  back  than  when  he  nurses  the  breast 
or  IS  fed  in  a  semiupright  position.  When  an  infant  hav¬ 
ing  a  large  bubble  of  air  in  the  stomach  is  fed,  he  is  likelv 
to  take  a  volume  of  food  which,  together  with  the  air  al¬ 
ready  present,  is  in  excess  of  the  gastric  capacity  so  that 
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soinetliing  must  escape.  If  the  infant  is  lying  on  the  back, 
the  air  will  accumulate  anteriorly  in  the  stomach  above  the 
level  of  the  cardiac  orifice,  so  that  milk  will  he  expelled 
until  the  distention  of  the  stomach  is  relieved.  If,  on  the 
othei  hand,  the  infant  is  held  in  an  upright  jiosition,  the 
ail  bubble  will  rise  to  the  cardiac  end  of  the  stomach,  and 
be  belched  up.  In  order  to  prevent  the  vomiting  which 
occurs  as  the  result  of  swallowed  air,  the  infant  should  be 
held  over  the  shoulder  just  before  and  just  after  each  feed¬ 
ing  and  patted  on  the  back  until  belching  occurs.  It  may 
lie  necessary  to  interrupt  the  feeding  in  order  to  get  rid 
of  the  air.  In  the  case  of  some  infants  who  swallow  large 
amounts  of  air  between  feedings,  it  is  necessary  to  keep 
the  infant  constantly  propped  up  in  bed  in  a  semiupright 
position.  This  is  easily  accomplished  by  resting  the  in¬ 
fant’s  back  against  pillows  and  holding  him  in  position  by 
means  of  a  small  harness  made  from  tapes  fastened  to  his 
body  and  to  the  sides  of  the  crib.  This  does  not  usually 
interfere  with  the  infant’s  sleep. 

Some  infants  develop  the  habit  of  finger  sucking,  and  in 
this  way  swallow  a  great  amount  of  air.  Finger-sucking 
may  be  discouraged  or  prevented  by  encasing  the  elbows 
in  lightweight  splints,  by  pinning  the  sleeves  to  the  bed 
clothes  or  diaper,  or  by  covering  the  hands  with  aluminum 
ball  mitts  or  celluloid  cuffs.  An  excellent  procedure  is  to 
place  a  favorite  toy  in  the  hand  the  fingers  of  which  are 
being  sucked. 

Overdistention  of  the  Stomach  by  Too  Frequent  or  Too 

Large  Feedings 

Considerable  variation  is  noted  in  the  emptying  times 
of  infants’  stomachs  and  is  dependent  on  constitutional  fac¬ 
tors  as  well  as  on  the  character  of  the  food.  When  feed¬ 
ings  are  given  at  such  short  intervals  that  one  feeding  has 
not  passed  out  of  the  stomach  before  the  next  is  given, 
overdistention  is  likely  to  occur,  with  consequent  spitting 
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up  or  vomiting.  Vomiting  is  miicli  more  frequent  in  the 
case  of  infants  fed  at  two-  or  three-hour  intervals  than  in 

those  fed  at  four-hour  intervals. 

The  giving  of  too  large  volumes  at  a  feeding  results  in 
overdistention  of  the  stomach,  especially  when  the  feedings 
are  taken  very  rapidly.  Vomiting  from  this  cause  is  seen 
especially  in  artificially  fed  infants  receiving  very  dilute 
milk  formulas,  for  in  such  instances  the  intake  of  large 
volumes  is  necessary  in  order  to  meet  the  nutritional  de¬ 
mands  and  to  satisfy  the  infant’s  hunger.  Vomiting  from 
this  cause  may  be  remedied  hy  the  administration  of  a 
more  concentrated  food.  A  frequent  mistake  in  infant 
feeding  is  to  increase  the  dilution  of  the  food  in  the  case 
of  infants  who  are  vomiting  when  they  are  already  taking 
too  large  volumes  of  a  food  which  is  too  dilute.  In  some 
instances  infants  have  a  gastric  capacity  smaller  than 
usual.  In  such  cases  the  feeding  of  amounts  customary 
for  the  age  causes  distention  and  vomiting.  A  more  con¬ 
centrated  food  is  indicated. 

Vomiting  Due  to  Unsuitable  Composition  of  the  Food 

Feedings  containing  a  large  proportion  of  fat  leave  the 
stomach  slowly,  so  that  complete  emptying  may  not  occur 
before  the  next  feeding  is  given.  Such  conditions  predis¬ 
pose  to  vomiting.  Vomiting  from  this  cause  usually  is 
not  seen  in  well  infants  except  when  top  milk  or  cream 
mixtures  are  fed,  as  the  amounts  of  fat  in  whole  milk  are 
not  sufficient  to  delay  greatly  the  emptying  of  the  stomach. 
When  infants  are  ill  from  any  cause,  gastric  motility  is 
decreased  and  food  tends  to  remain  in  the  stomach  ab¬ 
normally  long.  Under  these  conditions  the  fat  of  the  food, 
when  present  even  in  customary  amounts,  is  likely  to  be 
broken  down  with  the  formation  of  irritating  products, 
such  as  butyric  acid,  and  vomiting  is  more  likely  to  occur 
than  if  no  fat  were  present. 

Some  infants  with  more  than  the  average  amount  of  gas¬ 
tric  acid  secretion  vomit  when  given  acid  milk  but  are 
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able  to  retain  sweet  milk.  The  feeding  of  raw  milk,  or 
milk  which  has  been  heated  to  only  a  moderate  degree, 
results  in  the  formation  of  very  large  curds  in  the  stomach, 
which  pass  the  pylorus  with  difficulty.  Excessive  size  of 
curds  is  one  of  the  causes  of  vomiting,  easily  remedied  by 
using  boiled,  evaporated,  dried,  or  acid  milk.  Spoiled  food 
or  unusual  ai  tides  of  diet  may  of  course  cause  vomiting. 

Vomiting  Due  to  Improper  Clothing  and  Handling 

The  infant  who  is  overclothed,  especially  Avhen  tight  ab¬ 
dominal  binders  are  applied,  is  likely  to  vomit.  The  in¬ 
fant  should  be  allowed  to  rest  after  feeding.  If  he  is 
picked  up,  played  with,  and  trundled  around,  he  may  vomit. 

Vomiting  Due  to  Parenteral  Infections 

In  the  presence  of  any  acute  infection,  vomiting  may  oc¬ 
cur.  Infants  suffering  from  otitis  media  and  pyelitis  are 
especially  likely  to  vomit.  In  beginning  otitis  media,  vom¬ 
iting  may  be  noted  before  any  rise  of  temperature  has 
occurred  and  before  any  local  evidences  of  infection  in 
the  ear  are  detected.  Infants  with  chronic  pyelitis  may 
vomit  at  short  intervals  for  months  at  a  time.  Almost  any 
other  infection  in  the  body  may  at  times  lead  to  vomiting. 

If  an  infant  has  been  taking  reasonable  amounts  of  a 
well-balanced  formula,  at  proper  intervals,  and  then  sud¬ 
denly  begins  to  vomit,  the  first  step  should  be  to  look  for 
evidences  of  infection  rather  than  to  assume  that  the  feed¬ 
ing  is  at  fault.  Certain  measures  should  be  taken,  however, 
to  control  the  vomiting  while  the  infection  is  being  treated. 
The  fat  content  of  the  formula  should  be  decreased.  If  the 
vomiting  is  associated  with  diarrhea,  the  amount  of  sugar 
also  should  be  decreased  or  dextrose  should  be  used  as  the 
added  sugar.  Thus,  boiled  skimmed  milk  may  be  the  basis 
of  the  diet.  Acidification  of  the  milk  is  useful  for  several 
reasons,  especially  for  the  young  baby. 
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Habit  or  “Nervous”  Vomiting;  Rumination 

Some  infants  vomit  easily  on  the  slightest  provocation. 
This  is  especially  likely  to  occur  in  infants  of  the  nervous, 
fretful  type,  and  in  those  who  are  continually  handled  and 
played  with.  Other  infants  develop  the  habit  of  bringing 
up  food  voluntarily.  The  food  merely  may  be  brought  up 
into  the  mouth,  held  for  a  while  and  swallowed,  or  may  be 
expelled  completely.  This  habit  is  known  as  “rumina¬ 
tion.”  There  appears  to  be  no  organic  basis  for  the  con¬ 
dition.  Some  infants  appear  to  ruminate  just  to  amuse 
themselves;  others,  to  attract  attention.  The  infant  usually 
goes  through  a  series  of  grimaces  and  contortions  just  pre¬ 
ceding  the  vomiting;  he  frowns,  smiles,  works  his  jaws 
backward  and  forward,  stiffens  his  body,  arches  his  neck 
and  expels  the  food.  Occasionally  vomiting  is  initiated  by 
putting  the  hand  in  the  mouth.  liumination  is  a  habit 
which  may  continue  throughout  infancy  and  well  into  child¬ 
hood  and  one  which  may  result  in  a  severe  degree  of  under¬ 
nutrition.  It  is  important  that  rumination  should  not  be 
confused  with  other  forms  of  vomiting. 

There  are  various  means  of  treating  rumination,  and  no 
one  means  is  effective  for  every  infant,  and  with  some  all 
methods  of  treatment  may  fail.  One  of  the  most  effective 
means  of  treatment  consists  in  thickening  all  feedings  given 
by  boiling  with  cereals.  The  milk  formula  may  be  the 
same  as  in  the  case  of  a  normal  infant  except  that  approxi¬ 
mately  8  per  cent  of  barley  or  other  cereal  flour  is  added 
and  the  whole  is  cooked  for  fifteen  minutes  in  a  double 
boiler.  Such  a  mixture  should  be  so  thick  that  it  will  not 
fall  from  an  invei'ted  spoon.  Any  vegetables  or  other  ar¬ 
ticles  of  diet  are  incorporated  in  the  thick  feeding.  These 
thick  mixtures  of  course  cannot  be  fed  from  an  ordinary 
nipple  or  from  a  bottle,  but  must  be  given  with  a  spoon  or, 
in  the  case  of  young  infants,  from  a  nipple  of  the  type  used 
on  wide-mouthed  feeding  bottles  (Hygeia  nipples).  The 
tip  of  the  nipple  is  cut  off  so  as  to  leave  a  hole  about  the 
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diameter  of  a  lead  pencil.  The  body  of  the  nipple  is  filled 
witli  the  thickened  mixture,  and  as  the  baby  sucks,  the  food 
IS  foiced  down  into  the  tip  with  a  glass  or  wooden  rod. 
These  thick  mixtures  are  vomited  with  difficulty,  and  some 
infants,  finding  themselves  unable  to  vomit  the  food,  after 
a  period  of  time  give  up  the  attempt.  The  use  of  thick 
mixtures,  however,  may  have  to  be  continued  for  several 
months.  The  infant  may  he  so  accomplished  in  the  art  of 
vomiting  that  even  these  thick  mixtures  are  promptly  re¬ 
turned.  It  then  becomes  necessary  to  use  other  means  of 
treatment. 

The  mouth  may  be  kept  tightly  closed  after  feeding  by 
the  use  of  a  chin  strap  (a  small  square  of  muslin  attached 
by  four  tapes  to  a  larger  square  covering  the  top  of  the 
head  to  which  the  tapes  are  tied  tightly).  There  is  a  cer¬ 
tain  danger  in  the  use  of  this  contrivance  because  if  the  in¬ 
fant  should  vomit,  he  may  aspirate  a  portion  of  the  food. 

In  the  case  of  infants  who  initiate  the  vomiting  by  plac¬ 
ing  the  hands  in  the  mouth,  the  arms  may  be  restrained  by 
loose  splints,  or  the  hands  may  be  encased  in  ball-shaped 
aluminum  mitts,  or  celluloid  cuffs.  Placing  the  infant  on 
the  stomach  after  feeding  is  sometimes  effective,  but  unless 
retained  in  this  position  by  mechanical  means,  older  in¬ 
fants  are  likely  to  roll  over  on  their  liacks  when  they  are 
ready  to  ruminate. 

Gastroenterospasm 

Vomiting  may  be  one  of  the  symptoms  of  general  gastro¬ 
enterospasm.  This  particular  phase  of  the  subject  is  dis¬ 
cussed  in  the  next  chapter. 

Obstruction  of  the  Gastrointestinal  Tract 

Any  condition  that  produces  obstruction  of  the  gastro¬ 
intestinal  tract  results  in  vomiting.  Obstruction  may  be 
organic  or  functional.  Functional  obstructions  are  chiefly 
those  caused  by  acute  infections  in  the  abdomen,  such  as 
peritonitis,  and  are  the  result  of  paralysis  of  the  bowel 
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produced  by  the  infection.  Paralytic  obstruction  may  oc¬ 
cur  also  from  severe  toxicity  from  infections  outside  the 
abdomen,  as,  for  example,  pneumonia.  In  these  instances 
the  treatment  of  the  obstruction  is  chiefly  that  of  the  causa¬ 
tive  infection. 

The  organic  obstructions  of  infancy  consist  chiefly  of 
atresia  or  stenosis  produced  by  congenital  malformations, 
of  obstruction  by  peritoneal  bands  or  persistent  Meckel’s 
diverticulum,  which  also  are  congenital  malformations,  and 
of  intussusception  of  one  part  of  the  bowel  into  another. 
Obstruction  may  occur  in  almost  any  i:>art  of  the  gastro¬ 
intestinal  tract.  The  symptoms  vary  according  to  the  de¬ 
gree  or  completeness  of  obstruction  and  according  to  its 
location.  Only  a  few  typical  examples  will  be  discussed. 

Atresia  of  the  Esophagus 

The  common  site  of  atresia  of  the  esophagus  is  at  the 
level  of  the  bifurcation  of  the  trachea.  In  the  common 
variety  of  this  condition  the  two  patent  segments  of  the 
esophagus  are  connected  by  a  fibrous  cord,  and  a  fistula 
exists  between  the  lower  segment  and  the  trachea.  As  soon 
as  any  food  or  fluid  is  taken  after  birth  it  is  regurgitated. 
The  history  of  prompt  regurgitation  of  everything  taken 
suggests  the  nature  of  the  difficulty.  The  diagnosis  is  con¬ 
firmed  by  x-ray  examination  after  placing  iodized  oil  in  the 
esophagus.  By  this  means  it  is  made  evident  that  the 
upper  segment  ends  in  a  blind  pouch.  The  finding  of  air  in 
the  stomach  by  either  percussion  or  x-ray  examination 
gives  evidence  of  the  tracheal-esophageal  fistula.  The  con¬ 
dition  can  be  corrected  only  by  surgical  means.  In  many 
instances  the  ends  of  the  two  patent  portions  of  the  esoph¬ 
agus  can  be  anastomosed  and  at  the  same  time  the  fistula 
obliterated.  The  operation  is  severe  and  the  mortality  is 
high,  but  this  type  of  operation  offers  better  chance  of 
success  than  the  older  procedure  of  trying  to  feed  the  baby 

by  way  of  gastrostomy  without  closure  of  the  tracheal- 
esophageal  fistula. 
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Pyloric  Stenosis 

Pyloric  stenosis  may  be  of  all  degrees.  There  may  be 
merely  a  tendency  to  spasm  of  the  pyloric  sphincter  or 
cehnite  hypertrophy  of  the  circular  muscle  fibers  of  the 
pylorus  and  fibrosis  with  constant  and  practically  complete 
occlusion  of  the  pyloric  orifice.  In  some  cases  the  pyloro- 
spasm  IS  merely  part  of  a  general  gastroenterospasm. 

Although  at  times  referred  to  as  congenital  hypertrophic 
stenosis,  the  symptoms  usually  are  not  marked  until  after 
t  le  second  or  third  week  of  life ;  however,  there  may  be 
some  “spitting  up’’  from  the  time  of  birth.  Persistent 
vomiting  fiom  the  time  of  birth  is  more  likely  to  be  due  to 
other  causes,  such  as  duodenal  atresia  or  stenosis.  Infants 
with  pyloiic  stenosis  vomit  even  though  the  feedings  are  of 
good  composition  and  given  at  proper  intervals.  Pyloric 
stenosis  is  as  frequent  in  breast-fed  babies  as  in  those 
artificially  fed.  It  is  more  common  in  males. 

The  first  symptom  noted  is  vomiting,  which  does  not 
differ  in  character  from  that  due  to  any  other  cause. 
Vomiting  usually  occurs  shortly  after  feedings  or  the  tak¬ 
ing  of  water.  The  vomiting  may  at  first  consist  merely  of 
spitting  up  a  small  amount  after  feedings.  Very  soon, 
how^ever,  the  vomiting  becomes  more  forcible:  the  hvqier- 
trophied  and  dilated  stomach  becomes  capable  of  expelling 
food  in  a  projectile  manner,  often  to  a  distance  of  several 
feet.  The  vomitus  may  be  forced  through  the  nose  as  well 
as  the  mouth.  Even  water  is  vomited. 

As  the  result  of  obstruction  at  the  pylorus,  the  gastric 
musculature  hypertrophies.  The  normal  gastric  peristalsis 
becomes  greatly  accentuated  until  the  peristaltic  waves 
may  become  clearly  visible.  These  waves  always  pass  from 
the  left  to  right  and  should  not  be  confused  with  peristaltic 
waves  in  the  transverse  colon,  which  pass  in  the  opposite 
direction.  In  those  cases  in  which  the  stomach  has  become 
much  dilated  and  ptosed,  the  waves  may  be  seen  passing- 
downward  and  to  the  right  and  may  cease  in  the  neighbor- 
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liood  of  the  umbilicus  or  below  it.  The  waves  may  be  pres¬ 
ent  constantly,  or  may  be  seen  only  after  the  infant  has 
taken  food  or  water.  They  may  at  times  be  stimulated  by 
applying  cold  to  the  abdomen  and  tapping  the  skin  of  the 
abdominal  wall.  Peristaltic  waves  of  the  stomach  are  ob¬ 


served  in  almost  all  cases  of  pyloric  stenosis  of  any  con¬ 
siderable  duration ;  they  are,  however,  not  absolutely  pa- 
thognomonic  of  this  condition,  inasmuch  as  some  gastric 
peristalsis  may  be  seen  also  in  infants  Avho  have  been  vom- 
itine:  excessively  from  other  causes. 

In  most  cases  the  thickened  pylorus  may  be  felt.  The 
size  of  the  tumor  varies  from  that  of  the  tip  of  the  little 
finger  to  that  of  a  large  olive.  The  position  of  the  pylorus 
may  vary  so  that  the  tumor  is  not  always  felt  in  the  same 
place.  It  is  more  frequently  found  slightly  below  the  edge 
of  the  liver  in  the  nipple  line,  but  may  be  considerably 
lower,  in  the  neighborhood  of  the  umbilicus.  Some  idea  as 
to  the  location  of  the  pylorus  may  be  obtained  by  noting 
the  point  at  which  the  peristaltic  waves  disappear. 

AVhen  much  of  the  food  intake  is  lost  by  vomiting,  pro¬ 
gressive  malnutrition  occurs,  until  finally  the  infant  be¬ 
comes  markedly  athreptic.  On  the  other  hand,  even  though 
a  portion  of  each  feeding  may  be  vomited,  enough  food  and 
water  may  j^ass  the  pylorus  so  that  the  nutrition  is  not 
impaired.  Infants  with  pyloric  stenosis  usuallv  are  con¬ 


stipated,  but  may  suffer  from  a  starvation  type  of  diarrhea. 
When  the  pylorospasm  is  a  part  of  general  gastroentero- 
spasm,  diarrhea  is  common. 

The  persistent  vomiting  of  pyloric  stenosis  results  in  a 
great  loss  of  chlorides  from  the  body  in  the  form  of  hydro¬ 
chloric  acid  and,  to  a  lesser  extent,  of  sodium  chloride 
Because  of  excessive  loss  of  chloride  through  the  vomitus 
blood  chloride  is  lowered.  eompensate  osniotically  for 
the  chloride  loss,  excessive  amounts  of  sodium  bicarbonate 
are  retained  in  the  blood  and  a  severe  degree  of  alkalosis 
IS  likely  to  result.  Tt  is  characteristic  of  alkalosis  that  the 
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breathing  becomes  shallow,  depressed,  and  irregular,  with 
trequent  long  apneic  pauses.  Symptoms  of  tetany  may 
develop,  consisting  of  general  hypertonicity,  carpopedal 
spasm,  a  positive  Chvostek  sign,  or  generalized  convul¬ 
sions.  Examination  of  the  blood  shows  a  high  bicarbonate 
and  low  chloride  content.  The  C02-combining  power  some¬ 
times  may  be  over  100  volumes  per  cent  (47.5  milliequiva- 
lents  to  the  liter).  The  calcium  and  phosphorus  values  of 
the  blood  usually  are  normal. 

In  cases  of  severe  pyloric  stenosis  in  which  a  large  iior- 
tion  of  the  food  is  vomited,  little  absorption  of  water  takes 
place.  Consequently  the  urine  is  scanty  and  highly 
colored,  and  the  infant  becomes  dehydrated.  The  urine 
contains  practically  no  chloride.  Because  of  retention  of 
bicarbonate  by  the  body,  the  urine  is  acid  in  reaction,  even 
though  the  infant  may  have  a  severe  degree  of  alkalosis. 

Otitis  media  is  often  associated  with  pyloric  stenosis  and 
is  probably  the  result  of  passage  of  forcibly  vomited  ma¬ 
terial  up  into  the  Eustachian  tube. 

In  pyloric  stenosis  there  is  a  tendency  to  ultimate  re¬ 
covery,  provided  the  infant’s  nutrition  can  be  maintained. 
The  usual  course  of  events,  as  judged  from  clinical  symp¬ 
toms  and  roentgenographic  evidence,  appears  to  be  a  pro¬ 
gressive  narrowing  of  the  pyloric  opening  during  the  first 
month  or  two  after  the  onset  of  symptoms,  followed  by  a 
stationary  period  in  which  little  change  occurs.  After  the 
third  or  fourth  month  the  tendency  is  for  the  pyloric  aper¬ 
ture  to  become  larger  so  that  food  passes  more  easily. 
The  tumor,  it  is  true,  may  become  larger  during  this  time, 
but  with  the  growth  of  the  stomach  the  pyloric  opening 
also  becomes  larger,  so  that  finally  food  may  pass  through 
easily. 

The  diagnosis  of  pyloric  stenosis  is  made  on  the  basis 
of  the  symptoms  and  signs  already  described.  Fluoroscopic 
examination  after  a  barium  meal  is  an  aid  in  the  diagnosis. 
The  infant  should  be  examined  immediately  after  the  bar¬ 
ium  is  given,  and  at  15-  to  30-minute  intervals  thereafter 
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for  the  next  three  hours.  Under  normal  conditions  tlie 
stomach  begins  to  empty  while  the  meal  is  lieing  taken  and 
should  be  almost  completely  emptied  by  the  end  ot  three 
hours.  The  fluoroscopic  examination  is  of  especial  aid  in 
differentiating  between  pyloric  stenosis  and  duodenal 
stenosis  or  atresia,  a  condition  giving  rise  to  very  similar 
symptoms. 

The  character  of  the  vomitus  may  give  information  of 
value  in  the  differential  diagnosis  of  pyloric  stenosis.  In 
pyloric  stenosis  the  amount  of  food  vomited  is  large,  and 
when  the  stomach  has  become  dilated  may  be  considerably 
greater  than  the  amount  of  food  taken  at  a  single  feeding, 
the  residues  of  previous  feedings  being  included.  The 
vomitus  is  not  bile-stained  because  the  constriction  of  the 
pylorus  prevents  the  regurgitation  of  bile  into  the  stomach, 
whereas  in  other  forms  of  vomiting,  especially  those  due 
to  obstruction  lower  in  the  intestinal  tract,  bile  is  often 
present  in  the  vomited  material. 

Congenital  duodenal  stenosis  or  atresia  may  give  rise  to 
symptoms  which  are  very  similar  to  those  of  pyloric  steno¬ 
sis,  but  with  no  palpable  pyloric  tumor.  The  vomitus  is 
usually  bile-stained,  and  fluoroscopy  after  a  barium  meal 
reveals  passage  through  the  pylorus  with  blocking  at  some 
point  in  the  duodenum. 

The  treatment  of  pyloric  stenosis  may  be  divided  into 
medical  and  surgical  methods.  The  choice  of  the  method 
to  be  used  will  depend  on  the  age  and  nutritional  condi¬ 
tion  of  the  infant,  whether  or  not  he  is  breast-fed,  and  the 
degree  of  obstruction  present.  The  choice  of  treatment  will 
also  be  influenced  by  such  extraneous  factors  as  financial 
conditions,  and  the  availability  of  suitable  hospital  facili¬ 
ties  and  surgical  and  nursing  care. 

In  any  case  of  suspected  pyloric  stenosis,  medical  and 
dietetic  means  of  treatment  should  be  tried  first,  but  should 
not  be  continued  unless  some  gain  in  weight  is  attained 
within  a  reasonable  time.  It  is  dangerous  to  allow  anTn 
fant  to  remain  at  stationary  weight  or  to  lose  weight  while 
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waiting  for  natural  processes  of  recovery,  because  once  the 
nutrition  is  impaired,  complicating  infections  are  likely  to 
occur,  and  the  infant  may  finally  reach  such  a  condition 
that  neither  medical  nor  surgical  means  are  effective.  Very 
young  infants,  especially  those  who  are  still  breast-fed  and 
who  aie  not  retaining  sufficient  food  to  gain  weight, 
should  not  be  weaned  in  order  to  apply  any  method  of 
treatment,  but  preferably  should  be  operated  on  pronp^ttly. 
Infants  who  have  been  treated  with  more  or  less  success 
for  three  or  four  months,  whether  breast-fed  or  artificially 
fed,  usually  do  not  recpiire  operation,  as  sjiontaneous  im¬ 
provement  of  the  condition  is  the  rule  after  this  age.  The 
application  of  medical  means  of  treatment  may  necessitate 
hospital  care  and,  at  times,  special  nursing  for  long  periods 
of  time.  Surgical  operation  requires  only  a  short  period 
of  hospitalization  and  when  skillfully  performed  is  accom¬ 
panied  by  negligible  mortality  in  the  case  of  infants  in 
reasonably  good  nutritional  condition. 

The  chief  medical  methods  of  treatment  consist  in  the 
administration  of  atropine,  or  phenobarbital,  the  feeding 
of  thickened  formulas,  refeeding  and  gastric  lavage. 

Atropine  administration  is  successful  in  a  fair  propor¬ 
tion  of  cases;  in  others,  it  diminishes  the  vomiting  some¬ 
what  but  not  to  a  degree  sufficient  to  allow  for  retention 
of  enough  food  for  adequate  nutrition.  In  still  other  cases, 
atropine  appears  to  be  entirely  ineffective.  It  has  been  as¬ 
sumed  that  in  this  latter  group  a  hypertrophied  inelastic 
pyloric  musculature  is  present.  It  is  not  usually  possible, 
in  an  individual  infant,  to  predict  whether  or  not  atropine 
will  be  successful;  it  may  act  well  even  when  palpation 
reveals  a  definitely  enlarged  pylorus.  Atropine  is  usually 
administered  by  mouth  a  few  minutes  before  each  feeding 
in  the  form  of  1 :1,000  dilution  of  atropine  sulfate  grain 
to  1/2  ounce  of  water).  Since  the  potency  of  solutions  as 
ordinarily  prepared  by  the  druggist  may  vary  consider¬ 
ably,  the  dose  of  each  new  solution  should  be  determined 
by  the  reaction  of  the  infant.  An  initial  dose  of  1 :1,000 
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solution  is  0.06  ml.  (1  minim),  equivalent  to  0.06  mg. 
(1/1,000  grain).  The  dose  is  then  increased  0.06  ml.  (a 
minini)  at  a  time,  until  the  physiologic  effect  is  observed, 
which  consists  of  a  diffuse  hlush  of  the  skin  occuriing 
within  ten  or  fifteen  minutes  after  the  aciministiation.  A 
dosage  very  slightly  less  than  this  amount  should  he  con¬ 
tinued  and  given  before  each  feeding.  The  average  amount 
of  atropine  solution  required  to  produce  the  physiologic 
effect  in  an  infant  one  month  of  age  is  0.12  to  0.18  ml.  (two 
to  three  minims),  hut  infants  vary  greatly  in  their  suscep¬ 
tibility  to  atropine.  Some  infants  flush  with  0.06  ml.  (one 
minim)  and  others  require  as  much  as  0.30  or  0.35  ml.  (five 
or  six  minims) ;  this  latter  dosage  should  not  he  exceeded. 
Often  the  infants  seems  verv  drowsy  for  some  hours  after 
the  first  few  doses,  hut  this  should  not  prevent  further 
administration.  The  atropine  solution  is  measured  with  a 
minim  or  other  standard  dropper,  added  to  a  teaspoonful 
of  water,  and  given  through  an  empty, nipple  fifteen  or 
twenty  minutes  preceding  each  nursing  or  liottle  feeding. 
It  may  he  necessary  to  continue  the  administration  of 
atropine  for  several  months.  The  administration  of  atro¬ 


pine  at  times  leads  to  an  increase  in  body  temperature, 
which  may  he  as  high  as  39°  or  40°  C.  (103°  or  104°  F.) 
and  which  cannot  he  accounted  for  by  the  presence  of  in¬ 
fection.  It  is  important  to  hear  this  fact  in  mind.  The 
occurrence  of  ‘‘atrojnne  fever”  is  not  necessarily  a  con¬ 
traindication  to  the  use  of  atro])ine,  although  it  is  usually 
well  to  diminish  the  dosage  somewhat. 


Phenoharhital  has  the  effect  of  allaying  vomiting.  In 
beginning  treatment  with  phenoliarhital,  a  dosage  of  ?6  mg 
(1^  grain)  is  given  before  each  feeding.  After  the  infant 
IS  well  under  the  inniieiice,  the  dosage  is  reduced  to  8  nm- 

(Vs  gram).  The  dosage  should  l)e  slightly  less  than  that 
winch  makes  the  infant  definitely  drowsy. 

Anotlier  tl.erniKMitic  measure  consists  iu'tlie  administra- 
tion  of  food  tliickened  l)y  boiling  with  cereal.  (See  p  ,337  t 
flnck  mixtures  are  not  as  easily  vomife.l  as  are  cus- 
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tomai  y  feedings.  The  stomach  by  its  peristaltic  action  ap¬ 
pears  capable  of  forcing  these  thick  mixtures  through  the 
pylorus. 

It  is  usually  advisable  to  apply  the  method  of  thick  cereal 
feeding  only  in  the  case  of  babies  who  already  have  been 
V  eaned.  A  baby  should  not  be  weaned  in  order  to  feed 
liim  thick  cereal,  although  the  breast  milk  may  be  expressed 
and  thickened  with  cereal.  It  is  difficult,  however,  in 
such  circumstances  to  maintain  the  milk  secretion,  and 
ultimately  weaning  is  likely  to  become  necessary.  In  the 
case  of  the  bottle-fed  baby,  the  formula  may  be  of  the  same 
type  as  that  given  to  normal  infants  of  the  same  age,  ex¬ 
cept  that  it  is  thickened.  In  general,  a  concentrated  for¬ 
mula,  that  is,  one  having  a  high  caloric  value  to  the  unit 
volume,  is  indicated  in  order  that  the  total  volume  of  the 
food  given  may  be  small. 

Some  infants  do  better  when  fed  at  long  intervals  (three 
to  four  hours),  but  occasionally  excellent  results  are  ob¬ 
tained  when  amounts  of  only  an  ounce  or  so  are  given  at 
hourly  intervals.  The  feeding  interval  selected  should  be 
that  which  permits  the  greatest  total  amount  of  food  to  be 
retained  in  a  day.  Although  most  babies  retain  thick  for¬ 
mulas  better  than  the  ordinary  liquid  types  of  feeding,  an 
occasional  infant  vomits  more  when  receiving  the  thickened 
feedings. 

In  using  concentrated  formulas  thickened  with  starch, 
there  is  some  danger  that  the  infant  will  receive  an  inade¬ 
quate  amount  of  fluid.  Water  should  not  be  given  by 
mouth  very  soon  after  the  feedings,  but  if  small  quantities 
of  water  are  given  at  intervals  they  may  be  retained.  It 
is  usually  necessary,  however,  when  concentrated  thickened 
feedings  are  given,  to  administer  fluids  parenterally. 
Physiological  sodium  chloride  solution  not  only  supplies 
water,  but  also  the  chloride  necessary  to  replenish  the  de¬ 
pleted  blood  chloride. 

In  the  case  of  infants  who  are  being  fed  at  the  longer 
intervals,  refeeding  immediately  after  vomiting  has  oc- 
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curred  is  a  valuable  means  of  introducing  sufficient  food 
to  provide  for  the  infant’s  nutrition.  Refeeding  should  be 
attempted  only  when  the  vomiting  occurs  within  one  hour 
after  the  time  of  feeding.  The  volume  of  food  vomited 
is  roughly  estimated,  and  this  amount  of  the  same  foimula 
is  given  immediately  after  the  vomiting.  In  such  cases  the 
feeding  is  often  retained.  In  this  way,  even  though  the  in¬ 
fant  vomits  after  each  feeding,  it  may  be  possible  to  intro¬ 
duce  and  have  retained  in  the  course  of  a  day  a  sufficient 
amount  of  food.  In  breast-fed  infants  the  refeeding  may 
consist  of  a  formula,  or  if  the  mother  has  an  abundant 
supply  of  milk,  expressed  breast 'milk.  In  general,  hoAV- 
ever,  refeeding  is  not  satisfactory  in  the  case  of  breast¬ 
fed  infants. 

Gastric  lavage  with  a  1  per  cent  solution  of  sodium 
bicarbonate  just  previous  to  feeding  serves  to  remove  ac¬ 
cumulated  mucus  and  to  allay  gastric  irritability.  After 
the  lavage,  the  feeding  may  be  given  through  the  same 
tube.  In  some  infants,  tube  feeding  appears  to  stimulate 
peristalsis  less  than  feeding  by  mouth. 

A  combination  of  the  methods  mentioned  above  may  be 
used.  The  infant  may  be  given  thickened  feedings  and 
atropine  before  each  feeding.  Refeeding  may  be  resorted 
to  when  vomiting  occurs.  Phenobarbital,  together  Avith 
atropine,  may  be  given  Avhen  concentrated  liquid  feedings 
are  used. 

The  nonsurgical  methods  of  treatment  outlined  above 
are  more  likely  to  be  successful  Avhen  they  are  instituted 
early  than  when  they  are  undertaken  after  the  infant’s 
nutrition  has  suffered  and  the  stomach  has  become  dilated 
and  hypertrophied.  Medical  means  of  treatment  suffice  in 
a  good  many  cases  in  which  there  is  no  definite  hyper¬ 
trophy  of  the  pylorus,  the  condition  being  essentially  pylo- 
rospasm.  It  is  claimed  by  some  that  in  a  very  high  propor¬ 
tion  of  cases  pylorospasm  and  pyloric  stenosis  may  be 
successfull^y  treated  Avithout  recourse  to  surgery.  It  should 
be  noted,  however,  that  many  babies  so  treated  have  to  be 
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kept  in  liespital  wards  for  a  long  period  of  time,  that  the 
nutrition  may  be  severely  impaired,  and  that  secondary  in- 
ections,  especially  otitis  media,  are  of  frequent  occurrence. 
It  IS  not  genei-ally  advisable  to  persist  with  medical  means 
of  tieatment  unless  after  a  short  trial  the  infant  shows 
definite  signs  of  improvement  and  is  beginning  to  gain  at 
a  reasonable  rate.  Medical  treatment  should  not  be  con¬ 
tinued  until  the  infant  liecomes  badly  undernourished  and 
a  poor  surgical  risk.  In  our  own  experience,  the  mortalit^y 
from  pyloric  stenosis  is  much  lower  when  all  those  severely 
affected  are  treated  promptly  by  surgical  means. 

A  number  of  surgical  procedures  have  been  used  for  the 
treatment  of  pyloric  stenosis.  The  most  satisfactory  is  the 
simple  pyloroplasty  originally  used  by  Fredet  and  later 
developed  by  Rammstedt.  In  the  case  of  infants  in  good 
nutritional  condition,  the  operative  mortality  is  practically 
nil,  and  prompt  disappearance  of  symptoms  follows.  The 
results  of  operation,  however,  are  disaj^pointing  unless 
proper  attention  is  given  to  the  preoperative  and  post¬ 
operative  care  of  the  infant.  In  the  case  of  infants  who 
have  been  badly  fed  or  in  whom  the  condition  has  lasted 
for  a  long  time  until  the  nutrition  is  poor,  the  stomach  is 
greatly  distended,  and  the  water  balance  is  disturbed,  oper¬ 
ation  is  not  so  uniformly  successful. 

Operation  should  not  be  attempted  while  the  infant  is 
badly  dehydrated  and  suffering  from  alkalosis.  Fluids 
should  be  replenished  through  the  parenteral  administra¬ 
tion  of  salt  solution.  Intraperitoneal  injections,  however, 
should  not  be  given  within  twenty-four  hours  preceding 
operation.  If  the  infant  is  in  poor  nutritional  condition, 
intravenous  injection  of  dextrose  is  indicated,  and  trans¬ 
fusions  are  of  value.  No  feeding  should  be  given  within 
four  hours  preceding  the  time  of  operation. 

The  operation  is  preferably  performed  under  local  anes¬ 
thesia.  Customs  in  postoperative  management  differ,  in 
that  some  physicians  offer  food  within  a  few  hours  of  the 
operation,  while  others  do  not  give  a  milk  feeding  until  at 
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least  twenty-four  hours  liave  elapsed.  When  early  feeding 
is  emjDloyed,  vomiting  is  somewhat  more  likely  to  occur. 
One  successful  regimen  is  as  follows.  Nothing  is  given  by 
mouth  for  approximately  eighteen  hours;  during  this  pe¬ 
riod  fluids  may  be  given  parenterally.  Then  dextrose  in 
5  per  cent  solution  is  given  by  mouth,  15  ml.  (one-half 
ounce)  every  hour  for  two  or  three  feedings,  followed  by 
25  to  30  ml.  (one  ounce)  every  hour  for  two  or  three  feed¬ 
ings.  If  the  baby  had  been  breast-fed  ])reviously,  he  may 
then  ])e  put  to  the  breast  and  the  regular  feeding  schedule 
may  be  resumed  fairly  ra])idly.  lluring  the  period  when 
the  baby  is  not  receiving  food,  the  mother’s  inilk  supply 
should  be  maintained  by  expression  of  the  inilk.  In  the 
case  of  the  artificially  fed  l)aby,  the  formula  should  lie 
somewhat  weaker  at  first,  or  of  slightly  less  volume  than 
lie  would  be  getting  normally.  An  acidified  formula  may 
be  of  definite  advantage.  After  a  period  of  gradual  in¬ 
crease  in  the  food  for  three  or  four  days,  the  baby  usually 
can  take  without  difficulty  a  formula  customary  for  the 
age. 

Obstruction  of  the  Duodenum 


Olistruction  of  the  duodenum  occurs  less  frequently  than 
does  pyloric  stenosis,  the  condition  with  which  it  is  most 
likely  to  be  confused.  Obstruction  may  be  from  atresia, 
stenosis,  or  pressure  from  a  peritoneal  liand,  all  being  con¬ 
genital  malformations.  The  synqdoms  of  complete  obstruc¬ 
tion  are  the  same  regardless  of  cause.  When  obstruction 
IS  partial,  as  with  stenosis,  the  severity  of  the  symptoms 
depends  on  the  degree  of  olistruction,  but  in  any  case  suro-i- 
cal  relief  is  necessary.  '  ^ 


Obstruction  is  most  likely  to  occur  in  tlie  tbird  part  of 
tbe  iluodenum.  The  symptoms  of  duodenal  atresia  are 
lireseut  immediately  after  birth,  the  voniitin-  heiim  of  the 
sanie  charactm-  as  that  observed  vith  ],yloric  slenosrs.  Dis¬ 
tention  ami  !,ypertro|,hy  of  the  stomach  occur.  Gastric 
lieiistalhe  waves  are  seen,  hut  no  pyloric  tumor  is  pal¬ 
pable.  The  vom.tiis  is  hile  stained,  a  feature  di.stinguisll- 
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mg  the  condition  from  pyloric  stenosis.  Such  stools  as 
there  may  he  retain  their  meconium  character.  The  vari¬ 
ous  symptoms  make  it  obvious  that  an  obstruction  is  pres¬ 
ent,  although  its  location  may  not  be  evident  until  opera¬ 
tion.  X-ray  examination  may  assist  in  locating  it. 

When  the  obstruction  is  partial,  the  symptoms  are  the 
same  as  those  of  complete  obstruction,  hiit  of  lesser  sever¬ 
ity.  Vomiting  is  an  outstanding  feature.  Gastric  peris¬ 
talsis  may  he  present.  The  stools  show  evidence  of  some 
food  having  passed  the  obstruction.  X-ray  examination, 
using  a  barium  meal,  often  is  misleading  in  that  no  ob¬ 
struction  is  shown.  After  an  interval,  barium  is  present  on 
both  sides  of  the  obstruction  and  the  site  of  the  obstruction 
is  not  evident.  The  diagnosis  must  be  made  on  the  basis 
of  the  history  and  physical  examination. 

Intussusception 

The  most  common  variety  of  intestinal  obstruction  in 
infancy  is  intussusception.  It  is  a  disease  chiefly  of  in¬ 
fancy.  More  than  one-half  of  the  cases  occur  in  the  first 
year  and  three-fourths  of  them  under  two  years.  Males 
are  affected  in  ai;)proximately  two-thirds  of  the  cases  and 
in  most  instances  the  child  is  one  who  had  been  robust 
and  healthy. 

Intussusception  is  a  condition  in  which  one  part  of  the 
intestine  becomes  invaginated  in  another  part  distal  to  it. 
In  approximately  85  per  cent  of  the  cases  the  ileum  is  in¬ 
vaginated  into  the  cecum.  The  invaginated  intestine  car¬ 
ries  with  it  its  mesentery  and  blood  vessels.  With  the  cut¬ 
ting  off  of  the  blood  supply  the  bowel  liecomes  strangulated 
with  resulting  edema,  then  hemorrhagic  changes  and  finally 
gangrene.  Eventually  peritonitis  develops  if  the  infant 
lives  long  enough. 

The  onset  is  sudden  with  severe  pain.  The  pain  recurs 
as  paroxysmal  colic  when  new  portions  of  the  intestine 
become  invaginated  and  the  mass  increases  in  length.  In 
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other  varieties  of  complete  intestinal  obstruction  constipa¬ 
tion  is  absolute.  In  intussusception  fecal  matter  is  pushed 
ahead  of  the  advancing  invaginated  bowel.  First  one  or 
two  loose  fecal  stools  are  passed,  then  blood  or  blood  and 
mucus.  Blood  may  be  expected  to  appear  within  about 


six  hours  of  the  onset. 

Vomiting  is  an  early  symjitom.  iVt  first  the  vomitiis 
consists  of  gastric  content;  subsequently  it  contains  bile; 
seldom  is  it  fecal  in  infancy.  Soon  after  the  on^et  the  in¬ 
fant  becomes  restless.  Soon  prostration  appears  and  even¬ 
tually  collapse  with  pallor.  After  the  second  or  third  day 
the  temperature  begins  to  rise.  For  the  first  day  or  two  the 
abdomen  is  relaxed  and  the  sausage-shaped  tumor  mass  of 
the  affected  bowel  can  be  felt.  Subsequently  distention 
occurs. 

The  diagnosis  is  made  by  the  character  of  the  onset,  p>al- 
pation  of  the  affected  bowel,  and  passage  of  blood  from  the 
anus.  Kectal  examination  reveals  nothing  other  than  blood 
and  mucus  on  the  examining  finger,  excejit  that  in  a  few 
instances  enough  bowel  has  become  affected  that  the  distal 
end  of  the  tumor  may  have  come  within  reach  of  the  ex¬ 
amining  finger.  Few  conditions  are  likely  to  be  confused 
with  intussusception.  Dysentery  may  produce  some  re¬ 
semblance  because  of  bloody  stools.  In  case  of  doubt  as  to 
diagnosis  fluoroscopic  examination  while  giving  a  barium 
enema  is  likely  to  prove  helpful. 


The  only  tieatinent  to  be  recommended  is  surgical.  In¬ 
tussusceptions  have  been  known  to  reduce  spontaneously 
and  some  success  has  been  reported  with  the  use  of  enemas 
under  pressure.  Relief  by  means  other  than  surgical  is  not 
to  be  relied  on  What  is  done  at  operation  depends  on  tlie 
condition  of  the  affected  bowel.  If  tlie  operation  is  done 
early  the  intussusception  can  be  reduced.  Later  wlien  the 
bowel  has  become  gangrenous,  it  ninst  be  resected.  Tlie 
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Anhydremia 

Vomiting  is  a  freciiient  symptom  in  cases  of  severe  desic¬ 
cation  of  tlie  liody,  or  anliydremia,  liowever  brought  about. 
Dehydration  is  induced  in  prematurely  liorn  baliies  morb 
easily  and  from  more  minor  causes  than  in  babies  born  at 
term  and  the  results  are  more  serious.  Kven  moderate 
dehydration  of  the  prematurely  born  baby  produces  vomit¬ 
ing  with  risk  of  aspiration.  The  treatment  of  vomiting 
caused  by  dehydration  consists  of  restoration  of  normal 
fluid  balance.  (See  p.  299  and  p.  484.) 

Allergy 

Vomiting  may  be  one  of  the  symptoms  of  food  allergy, 
and  may  call  for  the  elimination  from  the  diet  of  the 
offending  proteins.  (See  p.  371.) 

Intracranial  Conditions 

In  infants,  as  well  as  in  older  persons,  vomiting  is  an 
accomjianinient  of  intracranial  almornialities,  such  as  men¬ 
ingitis  or  brain  tumor.  Because  the  sutures  are  not  ossi¬ 
fied,  however,  they  are  easily  separated,  and  consequently 
the  intracranial  pressure  is  never  so  great  as  in  older  per¬ 
sons,  and  projectile  vomiting  is  less  frequent  and  less 
characteristic. 

Toxic  States 

In  any  severe  toxemia,  whether  due  to  infection  or  to 
such  metabolic  disturbances  as  are  seen  in  the  presence  of 
uremia  or  diabetic  coma,  vomiting  may  occur. 

Acidosis  is  usually  considered  as  an  important  cause  of 
vmmiting.  As  a  matter  of  fact,  acidosis  in  itself  laiel} 
causes  vomiting.  In  cases  of  cyclic  vomiting  (which  aie 
usually  seen  after  the  age  of  infancy),  vomiting  is  to  be 
attributed  to  a  general  metabolic  disorder  and  not  to  the 
acetone  body  acidosis  which  is  occasionally  present,  for  in¬ 
fants  with  a  much  more  severe  degree  of  acidosis  than 
that  usually  observed  accompanying  cyclic  vomiting  may 
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not  vomit  at  all.  The  faulty  assumption  that  vomiting  is 
a  froquont  rosult  of  acidosis  has  led  to  the  indisciiininate 
administration  of  sodium  bicarbonate  to  many  infants 
showing’  the  symptom  of  vomiting,  riiis  type  ol  theiap^ 
is  capable  of  producing  definite  harm,  inasmuch  as  vomit¬ 
ing  is  likely  to  be  complicated  by  alkalosis  because  of  the 
loss  of  acid  in  the  vomited  material.  The  administration 
*  of  alkali  serves  only  to  aggravate  the  condition  and  may 
even  be  an  important  contributing  factor  in  bringing  about 
a  fatal  termination. 

The  Effects  of  Vomiting  on  the  Body 

Vomiting,  if  severe  or  prolonged,  may  result  in  serious 
damage  to  the  body  as  a  result  of  starvation  and  alterations 
in  chemical  equilibrium.  The  chief  effects  of  vomiting  are : 

1.  Partial  starvation,  through  loss  of  ingested  food. 

2.  Loss  of  water. 

3.  Loss  of  mineral  salts,  especially  chlorides. 

So  much  of  the  food  taken  may  be  lost  a's  the  result  of 
vomiting  that  partial  or  complete  starvation  results,  and 
consequently  impairment  of  nutrition.  Very  little  water 
is  absorbed  from  the  stomach,  and  furthermore  consider¬ 
able  amounts  of  fluid  are  secreted  into  the  stomach  as 
gastric  juice.  Ingested  fluid  and  that  secreted  may  be  lost 
and  lead  to  depletion  of  the  water  reserves  of  the  body,  and 
thus  may  bring  about  the  development  of  desiccation  or  an- 
hydremia,  as  in  water  deficit  from  any  other  cause.  The 
subject  of  anhydremia  is  discussed  elsewhere  (p.  281). 

The  gastiic  juice  contains  hydrochloric  acid  and  sodium 
chloride.  When  gastric  secretions  are  lost  in  the  vomitus, 
the  chlorides  of  the  body  become  depleted.  The  loss  froni 
the  body  of  the  chloride  ion  is  almost  invariably  compen¬ 
sated  for  in  large  part  liy  retention  of  the  Ihcarbonate  ion 
m  the  blood  and  tissue  fluids,  leading  to  alkalosis  of  varv- 
ing  seventy.  Such  a  shift  toward  the  alkaline  side  is  just 
as  serious  as  a  commensurate  shift  to  the  acid  side  such 
as  occurs  in  acidosis.  ’ 
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44ie  characteristic  findings  in  the  blood  are:  a  shift  in 
1  eaction  toward  the  alkaline  side,  a  marked  depletion  in 
the  blood  chloride  content,  and  an  increase  in  the  blood 
bicarbonate,  the  volume  per  cent  of  .carbon  dioxide,  as  de¬ 
termined  by  the  Van  Slyke  method,  sometimes  rising  to 
100  (45  millieciuivalents  to  the  liter)  or  more.  Although 
the  blood  is  more  alkaline  than  normal  and  has  a  higher 
bicarbonate  content,  the  urine  may  he  strongly  acid,  due 
to  the  fact  that  bicarbonate  is  not  excreted  in  the  urine 
blit  is  retained  in  the  body.  The  urine  is  also  character¬ 
istically  deficient  in  chlorides.  After  the  therapeutic  ad¬ 
ministration  of  chlorides,  the  chloride  content  of  the  blood 
rises,  bicarbonate  is  excreted  in  the  urine,  rendering  it 
alkaline,  and  the  bicarbonate  of  the  blood  falls  to  normal 
levels  and  the  reaction  shifts  back  to  the  normal  point. 

AVhen  alkalosis  occurs,  certain  characteristic  symptoms 
may  develop.  These  are  depressed,  irregular  respirations, 
and  tetany.  At  times  there  may  be  long  apneic  pauses 
associated  with  the  development  of  cyanosis.  The  symp¬ 
toms  of  tetany  (see  p.  440),  carpopedal  spasm,  Chvostek 
sign,  and  generalized  convulsions,  may  all  be  present. 

It  is  thus  seen  that  the  changes  in  the  body  which  result 
from  loss  of  fluids  by  way  of  the  vomitus  are  quite  differ¬ 
ent  from  the  changes  which  result  from  loss  of  fluids  by 
way  of  the  bowel,  as  in  diarrhea.  In  both  instances  an- 
hydremia  occurs,  but  in  one  there  is  depletion  of  fixed 
base  with  the  development  of  acidosis,  and  in  the  other, 
depletion  of  chlorides  with  the  development  of  alkalosis. 

When  both  vomiting  and  diarrhea  occur  and  there  is  loss 
of  both  chlorides  and  base,  either  acidosis  or  alkalosis  may 
result,  depending  on  the  magnitude  of  the  loss  by  the  dif¬ 
ferent  routes.  When  the  vomited  material  consists  almost 
entirely  of  gastric  contents,  as  a  result  of  high  intestinal 
obstruction  or  pyloric  stenosis,  the  more  severe  grades  of 
alkalosis  are  observed.  When  the  vomiting  is  due  to  ob¬ 
struction  lower  in  the  intestinal  tract,  so  that  gastiic  juice, 
bile  and  pancreatic  secretions  are  lost  in  the  vomitus,  the 
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alkalosis  will  be  of  a  less  marked  degree;  or' there  may  be 
no  alkalosis,  the  loss  of  base  balancing  the  loss  of  acid. 

When  vomiting  has  been  so  severe  that  the  body  is  dehy¬ 
drated,  prompt  restoration  of  lost  fluids  is  essential ,  in 
addition,  chlorides  should  be  administered  in  order  to  re¬ 
store  the  dej^leted  chloride  content  of  the  blood  and  tissues. 
Ringer’s  solution  or  normal  saline  should  be  given  intra¬ 
venously,  subcutaneously,  or  intraperitoneally,  in  large 
amounts.  This  supplies  not  only  fluids  but  the  needed 
chlorides. 

When,  as  the  result  of  severe  alkalosis,  symptoms  of 
tetany  are  present,  these  may  be  relieved  by  the  breathing 
of  a  mixture  of  30  per  cent  carbon  dioxide  in  oxygen,  or  by 
the  injection  of  5  per  cent  calcium  chloride  intravenously 
in  an  amount  equivalent  to  3.0  ml.  for  each  kilogram  of 
body  weight.  This  amount  supplies  not  only  calcium  but 
also  chloride  and  will  reduce  the  carbon  dioxide  combining 
power  by  approximately  10  volumes  per  cent. 

In  a  few  instances  alkalosis  is  so  extreme  that  correction 
by  administration  of  saline  requires  many  hours.  In  such 
instances  more  rapid  correction  becomes  desirable,  even  in 
the  absence  of  tetany.  In  these  circumstances  ammonium 
chloride  can  be  given  intravenously.  An  appropriate 
amount  is  3  ml.  of  a  5  per  cent  solution  for  each  kilogram 
of  body  weight  for  each  10  volumes  per  cent  of  carbon 
ilioxide  combining  jiower  reduction  desired. 


CHAPTER  XXIV 

COLIC,  FLATULENCE,  AND 
GASTROENTEROSPASM 

In  its  widest  application,  the  term  colic  is  used  to  de¬ 
scribe  any  lorin  of  paroxysmal  abdominal  pain.  Colic  in 
infancy  is  practically  always  gastrointestinal  and  is  caused 
by  overdistention,  forcible  peristaltic  contractions,  or  a 
combination  of  the  two  factors. 

Overdistention  of  the  intestinal  tract  may  be  the  result 
of  swallowing  of  air  or  excessive  fermentation  of  undi¬ 
gested  food,  esj^ecially  carbohydrates.  Painful  peristaltic 
contractions  may  be  the  result  of  indigestion,  intestinal 
distention,  irritation,  hunger,  exposure  to  cold,  food  allergy, 

or  an  instabilitv  of  the  autonomic  nervous  svstem. 

•  ^ 

Intestinal  distention  is  due  more  frequently  to  swallowed, 
air  than  to  the  gases  resulting  from  fermentation,  since 
the  latter,  consisting  largely  of  carbon  dioxide,  are  ab¬ 
sorbed  much  more  quickly  than  is  air.  Air  swallowing 
often  is  the  result  of  underfeeding.  The  infant  who  is  un¬ 
derfed  is  always  hungry  and  consequently  sucks  on  every¬ 
thing  he  can  get  into  his  mouth.  In  this  way  he  swallows 
much  air  which  distends  the  stomach  and  passes  through 
the  pylorus  into  the  intestines.  Hunger,  furthermore,  re¬ 
sults  in  a  general  hypertonicity  of  the  gastrointestinal 
tract.  Forcible  hunger  contractions  of  the  stomach  occur 
and  are  transmitted  to  the  intestines.  These  ‘‘hunger 
pains”  are  a  frequent  cause  of  colic.  Various  fonns  of 
irritation  may  set  up  painful  peristaltic  contractions.  The 
taking  of  cold  food  and  exposure  of  the  ])ody  to  cold  are 
frequent  factors.  Irritating  i)roducts  may  ])e  produced 
in  the  intestinal  tract  when  diets  containing  excessive 
amounts  of  fat  or  easily  fermentable  carbohydrates  are  fed. 

Certain  infants  suffer  chronically  from  fj^tulence  and 
colic  even  when  given  good  diets.  These  infants  appeal 
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to  liave  a  constitutional  iin])alance  of  the  autonomic  or 
vegetative  nervous  system.  The  condition  has  been  de¬ 
scribed  in  the  French  and  German  literature  under  the 
name  of  “neuropathic  diathesis.”  Haas  has  adopted  the 
term  “hypertonic  infant”  to  describe  these  babies.  White 
has  designated  the  same  condition  by  the  symptomatic  teim 
“gastro^terospasm.”  Infants  of  this  type  are  likely  to 
he  seen  in  families  who  have  a  distinct  neurotic  taint.  The 
infants  are  nervous,  Avakeful,  and  tense;  they  become  pale 
or  flushed  on  the  slightest  provocation.  Spitting  up  of 
food  is  common,  and  definite  waves  of  gastric  and  intes¬ 
tinal  peristalsis  are  frequently  seen.  The  abdomen  is  al¬ 
ways  more  or  less  distended.  There  may  be  constipation 
due  to  spasticity  of  the  anal  sphincters,  or  diarrhea  due  to 
increased  peristalsis.  Fluoroscopic  examination  may  show 
the  intestinal  contents  hurrying  rapidly  doAvnward  to  the 
lower  boAvel  where  stasis  occurs.  Infants  with  gastroen- 
terospasni  are  ahvays  “colicky”  and  “gassy.”  The  colic 
may  be  accentuated  by  underfeeding  or  by  the  presence  of 
infection.  Food  allergy  may  lead  to  all  the  symptoms  of 
gastroentero  spasm. 

Colic  is  more  frequently  seen  during  the  first  three  or 
tour  months  than  later.  One  of  the  chief  reasons  for  the 
frequency  of  colic  during  the  early  months  is  that  the 
food  requirement  approaches  more  closely  the  tolerance 
for  food  than  later  and  indigestion  is  more  easily  induced. 
The  feeding  of  a  formula  relatively  rich  in  fat  or  carbo- 
h^Tlrate  may  result  in  indigestion  with  irritation  of  the 
intestinal  tiact.  Also  underfeeding  may  cause  hunger 
colic.  In  hreast-fed  infants  the  secretion  of  the  mother’s 

milk  may  not  increase  as  rapidly  as  does  the  need  of  the 
infant. 

In  tlie  presence  of  pain  anywliere  in  tlic  body,  infants 
are  hkely  to  sliow  symptoms  referable  to  the  abdomen  •  for 
example,  an  infant  with  acnte  otitis  media  may  show  every 
evidence  of  abdominal  pain. 
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The  infant  with  colic  screams  incessantly.  The  face  be¬ 
comes  suffused,  the  arms  and  legs  are  drawn  np  and  often 
tremble.  The  abdomen  is  distended  and  rigid  during  the 
paroxysms  but  relaxes  in  the  intermissions.  In  cases  of 
simple  colic  there  are  no  evidences  of  infection,  such  as 

fe\ei  01  leukocytosis,  and  no  localized  findings  in  the  ab¬ 
domen. 

Treatment 

In  the  jiiesence  of  an  acute  attack  of  colic  symptomatic 
tieatment  is  indicated,  but  this  should  never  replace  treat¬ 
ment  directed  to  the  removal  of  tlie  underlying  cause. 

During  an  attack  of  colic  the  baby’s  position  should  be 
changed  so  as  to  allow  accumulated  air  to  escape.  The 
infant  should  be  held  upright  over  the  shoulder  and  patted 
on  the  back  until  belching  occurs.  If  this  is  inetfectual,  a 
stomach  tube  may  be  inserted.  Distention  of  the  lower 
boAvel  is  best  relieved  through  the  use  of  a  rectal  tube  or 
an  enema.  A  change  of  position  of  the  baby  often  brings 
about  the  shifting  of  a  large  air  bubble  to  a  point  where 
fewer  symptoms  are  produced.  The  infant  may  be  turned 
from  side  to  side,  held  upside  down,  or  placed  on  the  ab¬ 
domen.  The  application  of  external  heat  tends  to  relieve 
intestinal  spasm.  An  effective  method  of  treatment  of 
the  attack  is  to  place  the  baby  on  his  abdomen  over  a  pro¬ 
tected  hot-water  bottle.  Carminatives,  such  as  elixir  of 
catnij:)  and  fennel  (5  to  15  minims  or  0.5  to  1  ml.  in  a  little 
warm  water),  or  a  soda-mint  tablet  dissolved  in  a  table¬ 
spoonful  of  warm  water  are  of  value.  The  symptoms  of 
colic  may  he  so  severe  that  the  use  of  sedatives  is  necessary 
in  order  to  permit  the  infant  to  obtain  some  rest.  Pare¬ 
goric  and  phenobar])ital  are  the  sedatives  most  frequently 
used.  Paregoric  is  effective  in  relieving  the  pain,  but  its 
use  should  not  he  repeated  if  it  causes  abdominal  disten¬ 
tion.  The  various  measures  mentioned  are  only  palliative 
and  temjoorary  in  their  effect.  The  Tinderlying  cause  of 
colic  must  he  corrected. 
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In  searching  for  the  cause  of  colic,  the  cliaracter  ot  t  le 
feeding  should  receive  first  consideration.  It  the  intant 
lias  been  underfed,  a  gradual  increase  in  the  amount  ot 
food  should  be  made  until  an  adequate  diet  is  given.  I  he 
first  effect  of  the  increased  food  intake  may  be  an  exacerba¬ 
tion  of  the  symptoms  of  colic.  These  symptoms  disappeai , 
however,  after  a  full  diet  is  given  and  the  infant  has  be¬ 
come  accustomed  to  it. 

It  is  bad  practice  to  wean  from  the  breast  an  infant  who 
sutlers  from  colic  when  the  condition  may  be  relieved  by 
the  giving  of  complemental  or  supplemental  feedings  or  by 
regulation  of  the  feeding  regimen.  In  the  breast-fed  baby 
abdominal  discomfort  may  arise  from  an  overabundant 
milk  intake,  in  which  case  lengthening  the  feeding  interval 
is  most  effective  if  the  interval  is  less  than  four  hours.  If 
this  measure  is  ineffective,  the  giving  of  25  to  30  ml.  (one 
ounce)  of  boiled  skimmed  milk  or  a  suspension  of  powdered 
casein  immediately  preceding  the  breast  feeding  may  be 
tried.  By  this  procedure  less  milk  will  be  taken  from  an 
overabundant  supply,  and  in  addition  the  relative  amounts 
of  protein  and  sugar  in  the  diet  will  be  altered  in  the  direc¬ 
tion  less  favorable  to  intestinal  fermentation.  A  similar 
procedure  is  useful  also  for  the  baby  who  is  underfed  at 
the  breast,  though  if  underfeeding  is  known  to  exist,  a 
better-proportioned  complemental  feeding  is  preferable. 

In  the  case  of  the  artificially  fed  baby,  the  feeding  of  a 
suitable  food  mixture  up  to  the  point  of  satisfying  fully 
the  infant’s  appetite  is  usually  a  safe  procedure  and  one 
that  is  unlikely  to  produce  the  symptoms  of  colic.  When 


colic  is  present,  one  should  be  cautious  about  making  fre¬ 
quent  changes  in  the  formula  with  the  idea  of  decreasing 
the  amount  of  some  supposedly  offending  dietary  com¬ 
ponent.  Such  a  procedure  too  often  results  in  decreasing 
the  total  food  intake,  thus  aggravating  the  condition, 
^rhe  treatment  of  colic  due  to  underfeeding  consists  in  giv¬ 
ing  mo  re  food,  not  less.  However,  when  colic  is  associated 
with  evidences  of  excessive  intestinal  fermentation,  it  is 
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desirable  to  decrease  the  amount  of  added  sugar  or  to 
change  its  type.  Any  decrease  in  the  quantity  of  sugar 
should  he  compensated  by  increasing  the  quantity  of  milk 
so  that  the  total  energy  intake  will  remain  adequate.  Also, 
in  case  of  fermentation,  the  use  of  acidified  milk  may  prove 
beneficial  in  decreasing  bacterial  activity.  On  the  other 
hand,  some  infants  have  an  excessive  secretion  of  acid 
in  the  gastric  juice  and  have  abdominal  discomfort  when 
acid  milk  is  fed.  For  these,  sAveet  milk  is  indicated. 

Some  infants  with  hypermotility  of  the  gastrointestinal 
tract  suffer  from  hunger  and  abdominal  discomfort  Avhen 
the  feedings  are  given  at  four-hour  intervals.  In  these 
tlie  symptoms  may  be  relieved  liy  feeding  more  frequently. 
The  intervals,  however,  should  not  he  shorter  than  three 
hours. 

Occasionally  colic  may  be  a  manifestation  of  food  allergy. 
In  such  case  the  baby  may  be  benefited  by  the  use  of  milk 
of  which  the  proteins  have  been  partially  denatured  by  heat 
treatment,  or  it  may  be  necessary  to  use  a  milk-free  diet 
(see  Chapter  XVII j. 

Atropine  is  sometimes  effective  in  the  treatment  of  colic, 
especially  when  it  is  associated  with  gastroenterospasm. 
The  method  of  administration  is  the  same  as  that  described 
in  the  discussion  of  pyloric  stenosis  (page  344).  The  ad¬ 
ministration  of  a  formula  thickened  with  starch  is  often 
useful  in  relieving  the  abdominal  discomfort  in  cases  of 
gastroenterospasm. 


CHAPTER  XXV 

CONSTIPATION 

• 

Constipation  results  in  the  normal  infant  when  the  stim¬ 
ulus  to  peristalsis  is  insufficient  or  when  the  food  residue 
is  of  sugIi  a  nature  as  to  form  firm,  hard  masses  that  are 
expelled  with  difficulty.  Constitutional  and  anatomical  fac¬ 
tors  are  of  importance.  Some  intestinal  tracts  are  active 
and  easily  stimulated  to  peristalsis;  others  are  sluggish. 
Of  two  infants  of  the  same  age  and  given  identical  food, 
one  may  have  several  loose  or  semisolid  stools  a  day  reg¬ 
ularly  and  the  other  a  single  hard  constipated  movement. 
Anatomical  conditions,  such  as  exceedingly  long  sigmoid 
colon  or  variations  in  the  mesenteric  attachments  with  re¬ 
sultant  sagging  or  kinking  of  the  bowel,  predisx)ose  to 
stagnation.  Infants  with  rickets  and  those  who  are  anemic 
are  likely  to  have  poor  muscular  tone,  a  factor  contributing 
to  the  development  of  constipation.  Hypothyroidism  is 
associated  with  sluggish  intestinal  peristalsis.  Cretins 
usually  are  obstinately  constipated. 

Constipation  associated  with  intestinal  atony  occurs 
when  the  diet  is  deficient  in  thiamine.  However,  it  is  prob¬ 
ably  seldom  that  thiamine  deficiency  of  sufficient  degree  to 
produce  constipation  occurs  in  infancy.  Many  of  the  vita¬ 
min  B  preparations  have  a  laxative  effect  irrespective  of 
possible  existing  deficiency. 

1  he  normal  stimulus  to  peristalsis  is  food.  Any  condi¬ 
tion  or  circumstance  leading  to  low  food  intake  is  likely  to 
ju-oduce  consti])ation.  Pyloric  stenosis  or  other  condition 
associated  with  vomiting  usually  leads  to  constipation. 
When  the  food  taken  is  so  completely  digested  and  ab¬ 
sorbed  that  little  residue  remains  in  the  bowel,  movements 
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are  infrequent;  on  the  other  hand  if  the  residue  left  by 
the  food  IS  firm  and  nonirritating,  this  residue  may  accumu¬ 
late  in  the  lower  bowel  and  be  passed  with  difficulty.  A 
food  leaving  a  reasonable  amount  of  soft  residue  is  likely 
to  lead  to  normal  bowel  evacuations. 

ihe  lelative  proportions  of  milk  protein  and  sugar  in 
the  infant  s  food  have  a  marked  effect  on  the  consistency 
of  the  stools  and  the  frequency  of  their  jiassage.  In  gen- 
eial,  the  sugars  have  a  laxative  effect,  while  milk  protein, 
especially  casein,  tends  to  have  the  opposite  result.  Nor¬ 
mally  the  effect  of  one  of  these  factors  tends  to  offset  that 
of  the  other. 

A\ith  increased  sugar  intake  greater  fermentation  in  the 
intestinal  tract  may  be  expected.  The  products  of  fermen¬ 
tation  stimulate  peristaltic  activity.  Lactose  and  sucrose 
are  more  laxative  than  more  quickly  absorbed  sugars, 
such  as  dextrose.  Although  in  general  an  excess  of 
carbohydrate  in  the  diet  tends  to  cause  diarrhea,  one  may 
encounter  obstinately  constipated  infants  who  are  receiv¬ 
ing  large  amounts  of  such  a  carliohydrate  as  dextrin-mal¬ 
tose,  maltose  or  dextrose. 

Infants  receiving  considerable  milk  protein  and  little  car¬ 
bohydrate  are  likely  to  be  constipated.  With  this  type  of 
diet  the  contents  of  the  lower  intestinal  tract  become  alka¬ 
line.  The  alkalinity  thus  produced  counteracts  the  laxative 
effect  produced  by  fermentation  of  carbohydrate  and  also 
leads  to  the  formation  of  relatively  insoluble  calcium  soaps 
when  fat  is  present  in  the  diet.  The  soaps  tend  to  form 
putty-like  masses  that  are  moved  along  the  intestinal  tract 
more  slowly  and  passed  less  frequently.  The  addition  of 
calcium  salts  in  the  form  of  lime  water  or  other  calcium 
preparations  may  be  expected  to  increase  the  formation 
of  calcium  soaps  and  consequently  to  have  a  constipating 
effect. 

Human  milk  contains  relatively  little  casein  in  propor¬ 
tion  to  the  amount  of  sugar  present.  It  is  for  this  reason 
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that  constipation  is  less  frequent  in  breast-fed  infants  than 
in  infants  fed  the  usual  modifications  of  cow’s  milk.  When 
constipation  occurs  in  breast-fed  infants,  it  is  likely  to  be 
due  to  insufficiency  of  milk  or  to  constitutional  f actoi  s  on 
the  part  of  the  infant.  However,  some  breast-fed  infants 
receiving  adequate  food  and  growing  steadily  aie  chioni- 
cally  constipated  until  supplementary  foods  are  included 
in  the  diet. 

Habit  is  an  important  factor  in  leading  to  constipation, 
especially  in  older  infants.  Unless  measures  are  taken  to 
encourage  regular  bowel  evacuation  by  x^fficing  the  infant 
on  a  vessel  at  certain  times  of  the  day,  chronic  constipation 
may  result.  The  retention  of  fecal  material  in  the  lower 
intestine  leads  to  dilation  and  atony  of  the  bowel,  with  the 
result  that  the  constipation  is  likely  to  become  jirogres- 
sively  worse.  The  pain  of  passage  of  a  hard  constipated 
stool,  especially  if  a  fissure  is  jiresent  at  the  anus,  is  likely 
to  cause  voluntary  supx:)ression  of  defecation. 

Symptoms 

The  synij^toms  of  constix)ation  are  few  and  are  relatively 
unimportant  except  for  fecal  inq^action  with  obstruction 
in  instances  of  extreme  and  neglected  constipation.  The 
passage  of  large  firm  stools  may  in  itself  be  painful ;  it  may 
be  painful  also  because  of  anal  fissures  produced  by  stretch¬ 
ing.  The  existence  of  anal  fissure  is  usually  called  to  at¬ 
tention  by  the  presence  of  small  amounts  of  fresh  blood  on 
the  outside  of  a  constipated  stool.  Constipation  has  been 
assumed  to  lead  to  absorption  of  toxic  j^roducts.  However, 
the  evidence  is  meager  that  such  absorption  occurs  or  that 
moderate  constipation  is  in  any  way  detrimental  to  health. 

Treatment 

In  many  instances  of  so-called  constipation  no  treatment 
IS  required.  If  an  infant  is  passing  only  one  firm  stool  a 
day  or  even  occasionally  misses  a  day,  but  is  thriving  in 
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every  respect,  the  character  of  tlie  stools  may  be  dis- 
legarded.  If,  however,  the  movements  are  passed  with  dif¬ 
ficulty  and  accompanied  by  pain  or  if  flecks  of  blood  appear 

on  the  stool,  treatment  of  the  constipation  becomes  neces¬ 
sary. 

Constipation  will  respond  to  dietary  regulation  in  most 
instances.  A\  hen  caused  by  underfeeding,  an  adequate  diet 
should  be  given,  not  so  much  to  relieve  the  constipation  as 
to  provide  for  normal  nutrition. 

In  constipation  of  artificially  fed  infants,  who  have  been 
taking  relatively  large  amounts  of  milk  with  little  carbo- 
hydrate,  the  proportion  of  carbohydrate  should  be  in¬ 
creased.  Even  when  the  formula  proportions  are  such  as 
are  customary,  a  moderate  increase  in  the  sugar  addition 
is  often  effective  in  relief.  The  sugar  added  should  be  one 
that  is  not  al)sorbed  rapidly.  AVhen  sugar  is  absorbed,  con¬ 
siderable  water  is  taken  with  it,  and  if  the  amount  of  sugar 
is  large  and  the  al)sor])tion  is  ra])id  the  stools  may  become 
even  firmer.  If  tlie  consti])ation  is  not  relieved  by  an  in¬ 
creased  addition  of  the  sugar  already  being  used  in  the 
formula,  a  change  to  a  more  laxative  type  of  carbohydrate 
addition  is  indicated  (see  Chapter  IV).  The  most  laxative 
of  all  the  carbohydrate  pre])arations  are  the  liquid  malt 
extracts,  particularly  those  to  which  potassium  carbonate 
has  been  added.  From  15  to  50  ml.  (i^to  V/j  ounces)  may 
be  included  in  the  total  day’s  feeding  and,  according  to  the 
effect  ])roduced,  may  either  replace  an  equivalent  amount 
of  other  car])ohydrate  or  may  ])e  given  in  addition  to  the 
carbohydrate  already  present  in  the  formula.  Usually  re¬ 
placement  is  all  that  is  necessary.  The  amount  given 
should  be  regulated  l)y  the  effects  ])ro(luced. 

The  consti])ation  of  artificially  fed  infants  may  be  re¬ 
lieved  further  by  removal  of  a  ]K)rtion  of  the  fnt  of  the 
milk  in  order  that  a  smaller  residue  of  calcium  soaps  may 
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remain  in  the  bowel.  Usually  it  is  not  necessary  to  resort 
to  this  form  of  diet  modification. 

One  should  always  hear  in  mind  that  the  condition  of  the 
infant  and  not  that  of  the  stools  is  the  primary  considera¬ 
tion.  It  is  proper  to  alter  the  diet  in  order  to  relieve  con¬ 
stipation  provided  the  alteration  is  not  of  such  t}pe  as  to 
make  the  feeding  inadequate  to  meet  the  nutrition  require¬ 
ments. 

In  the  case  of  breast-fed  infants  little  or  nothing  can  be 
done  to  alter  the  composition  of  the  milk,  nor  would  one 
know  just  what  alterations  would  be  desirable,  even  if  pos¬ 
sible.  It  is  important  that  the  total  quantity  of  milk  in¬ 
gested  be  adequate  for  good  nutrition.  When  all  the  nutri¬ 
tional  factors  seem  satisfactory,  the  simplest  effective 
means  of  relieving  constipation  is  the  giving  of  liquid  malt 
extract  in  a  little  water  preceding  one  or  more  of  the  breast 
feedings.  For  infants  four  or  five  months  of  age  or  older, 
fruits  and  vegetables  are  useful,  as  is  discussed  subse¬ 
quently. 

Some  of  the  fruit  juices  have  a  moderate  laxative  effect. 
Orange  juice  has  little  influence  in  relieving  constipation ; 
prune  juice,  on  the  other  hand,  is  fairly  effective. 

Normally,  sieved  fruits  and  vegetables  may  be  added 
to  the  diet  at  four  to  five  months  of  age  (see  Chapter 
XVIII).  These  foods  have  some  laxative  effect,  largelv 
because  of  the  unabsorbable  residues.  For  babies  who  are 
constipated,  fruits  and  vegetables  may  be  given  somewhat 
earlier  than  is  commonly  customary,  or,  if  they  already  are 
being  given,  the  quantity  may  be  increased.  Oatmeal  and 
other  whole  grain  cereals  are  more  laxative  than  those 
which  have  been  highly  milled. 

Though  thiamine  has  little  laxative  effect  except  when 
constipation  has  resulted  from  thiamine  deficiency,  various 
vitamin  B  complex  preparations  often  are  markedly  laxa- 
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tive.  Tins  effect  possibly  may  be  dependent  on  materials 
other  than  the  vitamins  present.  Dextrin-maltose  prepara¬ 
tions  to  which  extracts  of  yeast  or  wheat  embryo  have  been 
added  may  serve  welMn  the  relief  of  constipation  when 
used  as  the  added  carbohydrate  in  the  preparation  of  milk 
foimiilas;  or  the  vitamin  B  complex  preparation  may  be 
given  independently  and  not  as  a  part  of  the  formula. 

In  all  cases  of  constipation  the  institution  of  regular 
habits  is  important.  In  the  latter  half  of  the  first  year 
many  infants  may  be  trained  to  pass  the  stools  at  regular 
times.  Passage  of  stools  at  scheduled  times  is  encouraged 
by  gentle  massage  of  the  alxlomen,  following  along  the 
direction  of  the  colon.  This  type  of  prescription  is  of  spe¬ 
cial  value  in  infants  with  lax  abdominal  walls. 

Mechanical  means  of  emptying  the  bowel  may  be  re¬ 
quired  occasionally.  A  soap  stick,  greased  paper  cone,  or 
suppository  may  be  used  to  encourage  regular  habits  and 
temporarily  to  relieve  constipation.  Glycerin  suppositories 
are  irritating  and  should  not  be  used  regularly,  although 
no  serious  objection  to  occasional  use  exists.  Enemas  also 
should  be  used  only  as  an  occasional  and  temporary  meas¬ 
ure.  The  enema  habit  is  almost  as  bad  as  the  cathartic 
habit. 

When  the  simple  measures  tliat  have  been  indicated  are 
used,  the  need  for  recourse  to  drug  treatment  will  rarely 
arise.  The  habitual  use  of  cathartics  is  to  be  condemned. 
However,  if  other  means  of  treatment  fail,  resort  to  drugs 
may  liecome  necessary.  Mineral  oil  is  commonly  used,  but 
it  is  not  to  be  recommended.  It  acts  by  keeping  the  stools 
soft,  but  also  it  causes  loss  from  the  intestinal  tract  of  im¬ 
portant  amounts  of  carotene  and  vitamin  A.  A  preferable 
preparation  for  keeping  the  stools  soft  is  a  dried  extract  of 
psyllium  seed.  The  powder  may  be  moistened  and  fed 
with  a  spoon.  It  acts  by  absorbing  and  holding  water. 
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Milk  of  magnesia  has  been  used  widely  for  the  relief  of 
constipation  in  infants.  It  is  partly  converted  into  magne¬ 
sium  chloride  in  the  stomach  and  its  action  is  the  same  as 
that  of  magnesium  sulfate,  that  is,  as  a  hydragogue  laxa¬ 
tive.  In  the  relatively  small  amounts  usually  necessary  it 
is  entirely  harmless. 

When  blood-streaked  stools  indicate  the  presence  of  anal 
fissures,  the  stools  should  be  kept  soft  by  the  use  of  mild 
laxatives,  if  necessary,  for  at  least  ten  to  fourteen  days 
until  the  fissures  have  healed.  Application  of  5  per  cent 
silver  nitrate  solution  to  the  fissures  ]:)romotes  healing. 


CHAPTER  XXVI 
ALLERGY 

It  IS  not  proposed  in  this  chapter  to  present  a  fall  dis¬ 
cussion  of  tlie  subject  of  allergy,  but  only  to  consider  cer¬ 
tain  phases  of  allergy  Avhich  have  a  direct  bearing  on  in¬ 
fant  feeding. 

The  term  allergy  is  used  to  designate  an  abnormal  or 
altered  degree  of  sensitivity  to  antigens.  An  antigen  is 
any  substance  that  can  cause  the  production  of  antibodies 
to  the  antigen.  Antibody  is  present  usually  as  a  result 
of  jorevious  introduction  of  antigen.  When  further  antigen 
is  introduced  a  symptom-producing  reaction  occurs.  When 
the  allergic  state  cleA^elops  as  a  result  of  previous  introduc¬ 
tion  of  antigen  in  a  person  whose  cai:)acity  to  become  sus¬ 
ceptible  is  not  an  hereditary  constitutional  trait,  the  aller¬ 
gic  response  to  further  introduction  of  antigen  is  known 
as  anaphylaxis.  The  term  atopy  is  often  used  synono- 
mously  Avith  allergy,  but  its  use  is  more  correctly  restricted 
to  certain  allergies  present  in  those  Avith  an  hereditary  con¬ 
stitutional  capacity  to  deAmlojA  allergy.  In  the  restricted 
atopic  group  belong  hay  feA^er,  asthma,  some  urticarias, 
and  certain  of  the  eczemas.  Asthma  and  hay  fever  are 
rare  in  infancy  and  urticaria  is  uncommon.  A  very  rare 
atopic  phenomenon  is  sudden  death  as  the  result  of  intro¬ 
duction  of  the  antigen,  but  it  is  an  event  that  must  be  kept 
in  mind  in  the  presence  of  knoAvn  ato])y. 

It  is  seldom  that  inhalants  are  responsible  for  allergic 
response  in  infants;  symptoms  from  inhalants  appear  later. 
In  most  instances  in  infancy  the  allergy  is  to  ingested  anti¬ 
gens;  in  a  feAv,  it  is  to  materials  injected  parenterally  for 
prophylactic  or  therapeutic  ])urposes,  as,  foi*  example,  foi- 
eign  serum.  In  rare  instances  A^iolent  reactions  occui  A\ith 
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the  first  ingestion  or  injection  of  the  offending  antigen. 
It  is  not  clear  how  such  constitutional  atopy  arises,  a  - 
though  it  is  possible  that  in  some  instances  sensitization 
of  the  fetus  occurs  during  intrauterine  life  as  the  resu 
of  passage  of  proteins  or  until )odies  from  the  materna  o 

the  fetal  blood. 

In  postnatal  life,  sensitization  may  occur  from  ingested 
foods.  During  early  life  very  small  amounts  of  undigested 
protein  pass  through  the  intestinal  mucosa  directly  into 
the  blood  stream.  Some  proteins  are  more  likely  to  do  this 
than  others,  especially  egg  white.  In  the  jiresence  of 
gastroenteritis,  larger  amounts  of  food  protein  may  be 
absorbed  unchanged.  It  has  been  claimed  that  even  human 
milk  may  contain  foreign  food  proteins  which  have  formed 
a  part  of  the  mother’s  diet,  and  in  this  way  human  milk 
may  sensitize  the  infant.  Cow’s  milk  protein,  being  from 
a  different  species,  is  far  more  likely  to  lead  to  sensitiza¬ 
tion.  Of  the  proteins  of  cow’s  milk,  the  lactalbumin  is  a 
more  frequent  offender  than  the  casein,  probably  because 
unlike  casein  it  is  not  coagulated  during  the  processes  of 
digestion  and  hence  is  more  easily  absorbed.  All  cereals 
contain  some  protein,  and  the  proteins  of  wheat  are  espe¬ 
cially  likely  to  act  as  allergens. 

It  is  recognized  also  that  substances  other  than  proteins 
may  give  rise  to  symptoms  indistinguishable  from  those 
of  protein  allergy.  Drug  idiosyncrasy  may  be  of  the  same 
nature  as  allergy.  Even  the  application  of  physical  agents, 
such  as  heat,  light  or  cold,  may  lead  to  allergic  reactions 
in  susceptible  persons.  The  effect  of  the  offending  aller¬ 
gens  may  be  observed  when  the  substances  in  question  are 
administered  by  mouth,  siil)cutaneously  or  intravenously, 
when  they  are  inhaled  or  when  they  merely  come  in  contact 
with  the  unbroken  skin. 


Fiom  the  standpoint  of  infant  feeding,  the  ])riucipal  con¬ 
cern  is  with  the  allergic  reactions  which  possibly  may  be 
the  result  of  the  ingestiou  of  iliose  food  materials  which 
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oi^inanly  make  up  the  infant’s  diet.  Of  the  various  con¬ 
stituents  of  the  diet,  tlie  proteins  are  most  likely  to  cause 
reactions,^  although  occasionally  other  food  constituents, 
such  as  oils,  may  be  responsible. 

In  rare  instances,  violent  reactions  occur  when  even 
minute  amounts  of  the  offending  allergens  are  fed;  thus 
an  infant,  after  taking  a  single  swallow  of  cow’s  milk,  may 
develop  angioneurotic  edema,  urticaria,  dyspnea,  and  pro¬ 
found  shock.  Minor  manifestations  of  allergy  are  more 
fiequent.  It  is  po'ssible  that  allergy  may  be  the  underlying 
cause  of  a  great  variety  of  minor  disturbances  in  infants. 
Often  a  tendency  is  encountered  to  attribute  almost  any 
bizarre  symptoms  to  allergy,  but  either  direct  or  fairly 
strong  circumstantial  evidence  exists  that  allergy  plays  a 
role  in  the  causation  of  several  common  conditions.  It  is 
not  to  be  assumed  that  allergy  is  the  only  cause  of  the 
sjuuptoms  observed,  for  it  is  often  only  one  of  a  number  of 
causes  which  may  lead  to  similar  manifestations.  When 
other  possible  causes  have  been  eliminated,  it  may  be  well 
to  consider  allergy. 

Among  conditions  in  infancy  which  7nay  have  an  allergic 
basis  are  to  be  included  urticaria,  eczema,  colic,  gastro- 
enterospasm,  vomiting,  diarrhea,  recurrent  bronchitis  and 
chronic  rhinopharyngitis.  Certain  of  the  manifestations 
of  the  so-called  “exudative  diathesis”  and  “neuropathic 
diathesis”  may  in  reality  be  evidences  of  an  allergic  dis¬ 
turbance. 

It  is  not  always  possible  to  prove  that  allergy  is  tlu^ 
cause  of  the  symptoms,  or  to  identify  the  offending  protein. 
The  usual  skin  tests  cannot  be  depended  upon  absolutely. 
A  fair  proportion  of  apparently  normal  infants  give  posi¬ 
tive  skin  reactions  to  milk  and  other  proteins,  and  other 
infants  who  appear  to  be  sensitive  to  certain  food  proteins 
may  not  give  positive  skin  reactions  to  the  proteins  in 
question.  The  passive  transfer  method  of  skin  testing  is 
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sometimes  of  value  wlieii  the  usual  skin  tests  fail,  but  it 
rarely  gives  much  information  in  the  case  of  infants. 

In  order  to  make  the  diagnosis  of  food  allergy  or  to  de¬ 
termine  which  foods  are  the  offenders,  it  is  often  necessary 
to  resort  to  an  empirical  elimination  process.  By  one 
method  of  procedure  the  various  protein-containing  foods 
entering  into  the  diet — milk,  cereal,  eggs,  fruits  and  vege¬ 
tables — are  omitted  one  by  one  and  then  later  added.  If 
the  symptoms  disappear  when  the  food  is  withdrawn  and 
reappear  when  it  is  again  introduced  into  the  diet,  it  may 
be  suspected  reasonably  that  the  food  in  question  is  the 
offender.  This  plan  is  not  applicable  Avhen  multiple  sensi¬ 
tivities  to  foods  exist.  Consequently,  a  procedure  with 
wider  application  is  to  devise  a  basic  simplified  diet  to 
which  the  baby  is  not  likely  to  be  allergic.  If  the  choice 
of  foods  has  been  correct,  the  allergic  symptoms  should  dis¬ 
appear.  Subsequently  the  foods  customarily  prescribed  for 
infants  are  added  one  at  a  time.  If  a  reaction  occurs,  the 
newly  added  food  is  withdrawn  and  added  again  at  a  later 
time  for  confirmation  of  its  responsibility  for  the  reaction. 
The  process  of  carrying  out  this  type  of  regimen  is  long 
and  tedious,  but  ultimately  the  offending  foods  will  be  de¬ 
termined  with  considerable  accuracy  and  the  diet  will  ap¬ 
proach  closely  one  that  is  customary. 

In  devising  the  basic  elimination  diet  either  milk  or  a 
milk  substitute  must  be  used.  In  addition,  all  the  known 
nutritional  essentials  not  supplied  by  the  milk  or  the  milk 
substitute  must  be  given  to  make  the  diet  complete.  For 
this  purpose  use  may  be  made  of  the  vitamin  concentrates 
or  crystalline  vitamin  preparations  instead  of  their  food 
sources,  and  of  iron  salts  instead  of  food  iron.  Other  min¬ 
eral  additions  may  be  needed.  The  milk  preparation 
chosen  should  be  one  that  has  had  its  proteins  at  least  par¬ 
tially  denatured.  The  heating  of  milk  denatures  the  pro¬ 
tein  to  an  extent  depending  on  the  degree  of  heat  and  the 
ength  of  time  it  is  applied.  Boiling  of  milk  for  manv 
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hours  (wiOi  reflux  condenser)  denatures  tlie  protein  to  a 
considerable  extent.  Autoclaving  the  milk,  as  is  done  in 
the  manufacture  of  evaporated  milk,  denatures  the  pro- 
tein  to  some  extent.  Acidification  of  milk  partially  dena¬ 
tures  the  casein,  but  has  little  or  no  eftect  on  the  lactal- 
bumin.  If  these  forms  of  cow’s  milk  do  not  prove  satisfac¬ 
tory  it  may  be  necessary  to  eliminate  cow’s  milk  entirely 
from  the  diet.  As  a  substitute,  goat’s  milk  may  be  tried, 
but  infants  who  are  sensitive  to  the  casein  of  cow’s  milk 
are  also  often  sensitive  to  the  casein  of  goat’s  milk,  though 
they  may  not  be  sensitive  to  the  lactalbumin. 

If  neither  cow’s  milk  nor  goat’s  milk  proves  satisfactory, 
it  may  be  necessary  to  eliminate  milk  entirely  from  the  diet. 
Infants  may  be  fed  a  milk-free  diet  if  it  is  properly  con¬ 
structed.  One  of  the  most  used  substitutes  for  milk  protein 
is  the  protein  of  the  soybean.  Several  soybean  prepara¬ 
tions  intended  exclusively  for  this  purpose  are  com¬ 
mercially  available.  To  these,  certain  additions  have  been 
made  in  order  that  the  foods  will  be  more  nearly  complete. 
When  these  preparations  are  used  care  must  be  taken  to 
make  the  diet  complete  and  to  give  the  infant  sufficient 
calories.  The  necessary  supplements  include  iron,  vita¬ 
mins  A,  C,  D,  and  those  of  the  B  complex.  Another  milk 
substitute  has  hydrolyzed  casein  for  basic  content,  with 
appropriate  carbohydrate  and  mineral  additions.  This 
preparation  must  be  sui^plemented  with  vitamins  A,  C,  II, 
and  those  of  the  B  complex. 

When  some  specific  food 'such  as  wheat,  oats,  rice,  toma¬ 
toes,  orange  juice,  or  cod-liver  oil  appears  to  be  responsible 
for  the  symptoms,  that  particular  food  should  be  eliminated 
from  the  diet  and,  if  indicated,  the  equivalent  food  value 
should  be  given  in  other  ways.  AYlien  foods  are  eliminated 
from  the  diet  because  of  allergy,  it  is  desirable  at  all  times 
to  keep  in  mind  that  the  diet  must  be  kept  complete.  Too 
often  nutritional  deficiency  diseases  have  been  permitted  to 
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develop  because  of  the  dietary  restrictions  incident  to  the 
prescribing  of  a  nonallergenic  diet. 

Babies  usually  may  be  desensitized  to  those  proteins 
causing  allergic  symptoms.  Often  desensitization  is  un¬ 
necessary  because  the  food  responsible  is  not  nutritiona  y 
important.  Milk  is  so  important  in  the  diet  of  the  infant 
that  desensitization  is  desirable.  It  may  be  accomplished 
by  giving  first  minute  amounts  of  milk,  and  then  gradually 
increasing  the  amount  day  by  day  until  appropriate 
aiiiounts  are  being*  taken  without  reaction. 

A  condition  attributable  in  part  to  allergy  and  occurring 
fairly  commonly  in  infancy  is  eczema.  Allergy  appears 
to  be  a  large  factor  in  the  production  of  infantile  eczema 
in  many  instances,  but  existing  evidence  does  not  support 
a  contention  that  all  eczema  of  infants  is  dependent  on  this 
cause.  Opinions  differ  widely  as  to  the  importance  of 
allerg}^  in  the  causation  of  eczema.  Allergy  may  be  a  cause 
in  possibly  not  more  than  25  per  cent  of  the  cases.  Even 
when  the  eczema  is  an  allergic  manifestation,  the  sensitivity 
is  by  no  means  always  to  food.  Environmental  factors, 
such  as  feathers,  may  be  responsible  in  as  many  as  one- 
third  of  the  instances  of  allergic  eczema  in  babies.  AVhen 
allergy  to  food  is  the  cause,  dietary  changes  are  important 
in  the  management.  In  many  instances  it  is  not  easy  to 
determine  quickly  whether  the  eczema  is  on  an  allergic  basis 
or  to  identify  the  responsible  allergens.  Consequently 
elimination  diets  are  used  frequently  in  the  treatment  of 
babies  with  eczema  irrespective  of  the  finally  determined 
cause.  Fully  as  important  as  the  dietary  changes  is  the 
appropriate  use  of  local  applications  to  the  affected  areas 
of  skin.  In  many  instances  environmental  changes  also  are 
liighly  important. 

An  elimination  dietary  regimen  is  carried  out  more  easily 
in  a  hospital  than  in  the  home.  When  it  is  tried  in  the 
home,  the  keeping  of  a  food  diary  by  the  mother  is  often 
of  great  assistance  to  tbe  physician.  The  relationship  of 
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food  ingestion  to  exacerbations  and  remissions  of  the 
eczema  is  more  definitely  determined  by  means  of  the 
lecoided  diet  and  data  than  by  the  often  vagne  impressions 
of  the  mother. 

Gastrointestinal  allergy  is  not  common  in  infants,  but  its 
1  ecognition  is  important  when  it  occurs.  The  diagnosis  is 
difficult  to  prove,  Imt  the  evidence  is  satisfactory  if  with¬ 
drawal  of  any  food  relieves  the  condition  and  ingestion  of 
the  food  causes  recurrence  of  the  symptoms.  Vomiting 
tends  to  occur  only  when  the  allergy  is  severe.  The  more 
common  symptoms  are  colic  and  diarrhea.  The  stools  con¬ 
tain  much  mucus,  and  blood  may  be  present  in  small  or 
large  amount.  Also  cases  have  been  reported  in  which  the 
symptoms  resembled  somewhat  those  of  celiac  disease,  pre¬ 
sumably  because  of  edema  of  the  intestinal  mucosa  and 
failure  to  absorb  fat.  However,  in  celiac  disease  utiliza¬ 
tion  of  complex  carbohydrate  is  also  affected. 


CHAPTER  XXVIl 
prematurity 

Infants  born  before  the  thirty-sixth  week  of  gestation 
and  those  weighing  less  than  2500  grams  (51/2  pounds) 
usually  differ  anatomically  and  physiologically  from  nor¬ 
mal  full-term  infants.  Low  birth  weight  is  not  necessarily 
the  result  of  premature  birth,  as  the  small  size  may  be  an 
inherited  characteristic;  nor  do  all  infants  who  have  been 
born  prematurely  necessarily  weigh  less  at  birth  than  the 
average  for  infants  born  at  term.  In  general,  however, 
those  infants  who  are  born  prematurely  and  those  who  are 
very  small  at  birth  require  special  care  and  feeding.  In 
those  instances  in  which  the  premature  birth  is  the  result 
of  disease,  such  as  syphilis,  further  special  therapeutic 
measures  may  be  necessary. 

Prematurity  and  the  Newborn  Period 

All  studies  of  the  newborn  period  tend  to  show  that 
adaptation  of  the  normal  full-term  infant  to  independent 
life  is  not  an  immediate  performance,  nor  yet  a  matter  of 
a  few  hours,  but  requires  days  or  weeks  to  achieve.  AYhen 
a  baby  is  born  i:>rematurely,  it  is  to  be  expected  that  im¬ 
maturity  of  function  is  of  greater  degree  than  in  the  full- 
term  infant,  and  that  maturity  of  function  is  more  slowly 
attained.  Survival  of  the  prematurely  born  infant  depends 
in  large  measure  on  the  ability  of  his  custodians  to  com¬ 
pensate  for  his  immaturity.  Knowledge  of  the  degree  of 
functional  maturity  of  the  infant  is  therefore  a  prelude 
to  intelligent  care. 

Respiration. — Establishment  of  respiration  is  a  prime 
essential  to  survival  of  the  newborn  infant.  During  fetal 
life  the  oxygen  supply  from  the  placenta  is  sufficieiit  for 
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normal  development  of  tlie  tissues.  Extrauterine  respira¬ 
tion  is  initiated  by  anoxia.  If  tlie  period  of  anoxia  is  un¬ 
duly  prolonged  from  any  cause,  such  as  prolonged  labor, 
excessive  anesthesia  or  narcosis,  damage  to  the  respiratory 
center  may  be  so  great  that  it  functions  incompletely  or 
not  at  all.  The  newborn  infant,  mature  or  immature,  can 
survive  a  longer  period  of  anoxia  than  the  average  adult, 
yet  the  longer  the  period  of  anoxia,  the  greater  the  possi¬ 
bility  of  irreparable  damage  to  the  central  nervous  system. 
Conversely,  intracranial  hemorrhage  may  cause  sufficient 
damage  to  the  respirator}"  center  to  produce  apnea  in  the 
infant. 

The  muscular  effort  required  to  start  breathing  is 
greater  than  that  needed  to  keep  it  going,  but  usually  is 
well  within  the  ability  of  even  the  prematurely  born  infant. 
Expansion  of  the  entire  lung  may  take  a  week  or  more  in 
the  full- term  infant ;  the  weaker  inmiature  infant  may  not 
be  able  to  expand  the  lungs  completely  for  a  still  longer 
period.  Breathing  in  the  newborn  is  always  diaphragmatic 
and  abdominal.  The  intercostal  musculature  is  weak. 


Because  of  the  small  size  of  the  infant,  relatively  more 
air  must  be  moved  in  and  out  of  the  lungs  than  for  the 
adult ;  this  is  accomplished  by  a  much  faster  rate  of  breath¬ 
ing,  rather  than  by  deeper  respirations.  The  mature  new¬ 
born  infant  breathes  approximately  44  times  a  minute, 
the  immature  still  more  rapidly ;  the  tidal  air  is  only  about 
20  ml.  even  in  full-term  infants.  Breathing  may  be  reg¬ 
ular,  irregular,  or  periodic  in  the  full-term  infant.  Iiieg- 
ularity  in  breathing  rate  is  common  in  immature  infants. 
Particularly  in  the  immature  baby  periods  of  regular  or 
irregular  breathing  may  be  interrupted  by  long  periods 
of  apnea,  sometimes  leading  to  death  from  asphyxia. 
\pnea  in  prematurely  l)orn  infants  may  be  caused  also  by 
intracranial  hemorrhage  affecting  the  respiratory  center; 
in  fact,  hemorrhage  is  more  often  the  cause  of  apnea  tlian 
is  immaturity  of  the  nervous  system. 
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Intracranial  lieinorrhage  occurs  at  birth  more  frequently 
in  babies  born  prematurely  than  in  those  l)orn  at  term. 
Tlie  reasons  for  this  difference  i)ertain  to  the  stage  oi 
develoiiment.  Most  of  the  calcium  present  in  the  body  of 
tlie  full-term  infant  at  birtli  is  deposited  during  the  last 
tliree  months  of  fetal  life,  and  one-half  of  it  duiing  the 
last  month.  The  cranial  bones  of  the  baby  born  prema¬ 
turely  are  much  softer  and  more  pliable  than  those  of  the 
baby  born  at  term.  It  is  usually  the  head  that  dilates  the 
birth  canal.  AVlien  the  cranial  bones  are  soft,  marked 
molding  of  the  head  is  almost  certain  to  occur  and  tears 
of  the  falx  or  tentorium  are  much  more  likely.  It  is  such 
tears  that  ])roduce  hemorrhage.  In  addition,  the  capil¬ 
laries  of  the  immature  infant  rupture  with  much  less 
sure  than  do  those  of  the  full-term  newliorn  infant.  Thus, 
intracranial  hemorrhage  is  common  despite  “normal” 
delivery  or  birth. 

Circulation. — The  relatively  large  surface  area  of  the 
newborn  infant  makes  necessary  an  output  of  blood  from 
the  lieart  of  about  500  ml.  a  minute,  an  amount  greater 
in  proportion  to  body  weight  than  that  for  the  adult.  In 
relation  to  the  total  size  of  the  liaby  the  heart  is  relatively 
large  at  birth,  with  a  maximum  diameter  of  5.5  cm.  (2.5 
in.).  Cardiac  murmurs  occur  in  a  considerable  propor¬ 
tion  of  newl)orn  infants  without  permanent  cardiac  ab¬ 
normality.  On  the  other  hand,  infants  without  significant 
murmurs  at  birth  may  develop  them  later. 

The  pulse  rate,  like  the  respiratory  rate,  is  most  variable 
during  the  neonatal  period.  Values  from  90  to  180  a  min¬ 
ute  are  not  unusual  for  brief  periods,  though  125  to  130 
a  minute  is  the  more  common  finding.  Blood  ])ressure 
deteiniination,  to  be  accurate,  should  be  taken  with  a  nar¬ 
row  cuff.  A  suitable  width  is  2.5  cm.  (1  in.)  for  full-term 
infants,  narrower  for  those  born  ]u-ematurely.  Systolic 
pressures  of  prematurely  born  infants  are  60  to  80  mm. 
of  merciii-y ;  those  for  full-term  infants  increase  from  about 
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80  at  birth  to  95  or  100  by  two  weeks  of  age.  Circulation 
at  the  periphery  is  less  well  developed  than  that  of  the 
viscera.  The  nuiiiber  of  sldn  capillaries  is  relatively  small. 

Heat  Regulation. — During  fetal  life  heat  production  is 
h)w;  it  still  is  lower  in  the  newborn  infant  than  in  the  older 
infant  or  child.  The  heat  production  of  tlie  prematurely 
born  infant,  who  leads  an  essentially  vegetative  existence, 
with  little  muscular  activity,  is  less  than  that  of  the  full- 
term  infant. 

Not  only  is  heat  production  low,  but  the  mechanisms  for 
conservation  of  such  heat  as  is  produced  are  poorly  de¬ 
veloped  at  birth.  The  surface  area  is  relatively  large  and 
the  subcutaneous  fat  is  small  in  amount.  The  skin  is 
poorly  sujoplied  with  capillaries  and  its  vasomotor  con¬ 
trol  is  poor.  The  sweat  glands  and  the  mechanism  for 
shivering  function  poorly  in  the  newliorn  infant  and  not 
at  all  in  the  immature.  Prematurely  born  infants  show 
great  thermolal:)ility.  The  body  temperature  tends  to  fall 
below  normal  on  slight  exposure  to  cold  and  to  rise  above 
normal  when  the  environmental  temperature  is  high. 
Daily  variations  in  temperature  of  as  much  as  3°  C.  (5° 
F.)  may  be  observed  when  the  environment  has  not  been 
regTilated  carefully. 

Digestive  System. — Develoi)nient  of  the  secretory  glands 
and  absorptive  surfaces  of  the  gastrointestinal  tract  has 
proceeded  further  at  birth  than  the  development  of  its 
supporting  musculature.  The  amount  of  free  hydrochloric 
acid  in  gastric  juice  of  the  newborn  infant  is  as  high  as  in 
the  adult;  however,  the  amount  of  acid  decreases  by  the 
third  day  and  remains  below  the  adult  level  during  infancy. 
A  large  proportion  of  immature  infants  are  achlorhydric. 
'Idle  digestive  enzymes  are  usually  present  in  adequate 
amount  with  the  exception  of  amylase,  bat  is  often  pooily 
bandied  by  young  infants,  especially  by  those  born  pre¬ 
maturely.  Olive  oil  seems  to  be  lietter  utilized  than  butter 
fat.  Some  immature  infants  apiiarently  do  not  digest  oi' 
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absorb  fat  at  all ;  such  liabies  will  fail  to  gam  weight  with 
an  apparently  ample  intake.  Prematurely  born  as  well 
as  full-term  infants  can  digest  and  absorb  protein  in 
larger  amount  than  is  usually  fed. 

Gastrointestinal  motility  is  poor  even  in  the  full-teim 
newborn  infant,  much  more  so  in  the  immature,  ihe  gas¬ 
tric  capacity  of  the  immature  infant  is  likely  to  be  dis¬ 
proportionately  small.  The  presence  of  swallowed  air  in 
the  intestines  delays  absorption.  The  nutritional  require¬ 
ments  of  the  prematurely  born  infant  cannot  be  estimated 
on  the  same  basis  as  those  of  the  average-sized  young 
infant.  During  the  first  two  or  three  weeks  after  birth 
the  energy  requirement  is  low  in  proportion  to  the  body 
weight,  largely  because  of  the  small  amount  of  muscular 
activity.  On  the  other  hand,  absorption  from  the  gastro¬ 
intestinal  tract  is  likely  to  be  poor.  As  a  result  of  the 
combination  of  these  two  factors,  the  energy  requirement 
is  about  the  same  as  for  the  full-term  infant.  The  energy’ 
requirement  for  the  first  two  or  three  weeks  varies  from 
100  to  120  calories  daily  for  each  kilogram  (45  to  55  for 
each  pound).  After  the  first  few  weeks  the  energy  require¬ 
ment  increases  rapidly  as  the  infant  becomes  more  active ; 


it  then  usually  exceeds  that  of  the  full-term  infant  and 
may  be  as  high  as  155  to  175  calories  daily  for  each  kilo¬ 
gram  (70  to  80  for  each  pound).  Relatively  large  amounts 
of  lu'otein  and  mineral  salts  are  required  because  of  the 
lapid  rate  of  growth.  Some  of  the  vitamin  requirements 
also  presumably  are  higher  than  for  the  baby  born  at  term. 

The  increased  susceptibility  of  the  prematurely  born 
baby  to  rickets  is  well  known,  but  rickets,  when  it  occurs 
in  the  immature  baby,  is  dependent  as  much  on  rapid 
giowth  and  low  intake  of  mineral  as  on  deficiency  of  vita¬ 
min  D.  If  the  baby  is  born  a  month  prematurely  the 
skeleton  contains  only  about  one-half  as  much  mineral  as 
that  of  the  full-term  baby  at  birth.  In  order  that  the  bones 
may  grow  in  a  normal  and  expected  manner  it  is  necessarv 
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that  calcium  and  ])li()splioriis  be  added  to  tliem  at  a  rate 
mucli  greater  tliau  is  necessary  for  the  skeletal  growth  of 
the  full-term  baby.  Under  the  best  of  circumstances  only 
a  portion  of  the  mineral  that  is  ingested  is  retained.  When 
human  milk  constitutes  the  sole  source  of  mineral,  the 
amount  of  calcium  ingested  by  the  prematurely  born  infant 
usually  does  not  exceed  that  which  he  should  retain  to 
have  normal  growth ;  it  often  does  not  exceed  that  which  is 
necessary  for  maintenance  before  retention  begins.  In  the 
past,  the  feeding  management  of  prematurely  born  babies 
often  has  been  characterized  by  lack  of  recognition  of  the 
mineral  need  and  failure  to  supply  it.  Because  rickets 
developed  in  these  circumstances,  excessive  amounts  of 
vitamin  D  have  been  given. 

Urinary  Excretion.— The  kidneys  of  the  full-term  infant 
at  birth  are  functionally  immature ;  those  of  the  immature 
infant  may  be  anatomicall}"  immature.  Functional  matur¬ 
ity  of  the  kidney  is  not  attained  for  many  weeks  after 
birth.  On  this  fact  depends  many  of  the  disturliances 
peculiar  to  immature  and  full-term  infants. 

The  newborn  infant  is  unable  to  concentrate  urine  to  the 
same  degree  as  the  older  child  and  adult.  Thus,  more 
fluid  is  recpiired  to  carry  out  a  given  amount  of  solids. 
During  the  first  day  or  two  after  birth  the  water  intake 
is  often  low  and  nitrogenous  waste  accumulates  in  the 
blood.  Clearance  tests  show  decreased  ability  to  regulate 
excretion  of  both  salt  and  urea ;  albuminuria  is  a  common 
finding  in  normal  newborn  babies  and  almost  a  constant 
finding  in  those  who  are  immature.  The  decreased  ability 
of  the  kidneys  to  regulate  salt  metabolism  is  responsible 
for  the  hydrolability  of  the  new])orn  and  especially  of  the 
prematurely  born  infant. 

Acid-Base  Equilibrium.— The  blood  of  a  normal  pre¬ 
maturely  born  infant  contains  a  relatively  large  amount 
of  organic  acids,  chiefly  pyruvic  and  lactic  acids,  with 
ketones  low  or  absent.  In  illness  the  organic  acid  content 
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rises  alanniiigly.  As  pyruvic  and  lactic  acids  are  products 
of  incomplete  combustion  of  carbohydrate,  it  appears  that 
the  organic  acidosis  of  immature  infants  may  be  dependent 
on  incomplete  oxygenation  in  tissues.  Since  all  prema¬ 
turely  born  infants  are  slightly  acidotic  to  begin  Avith,  any 
considerable  amount  of  diarrhea  or  dehydiation  can  lesult 
in  acidosis  of  much  more  critical  degree  than  would  lie  the 
case  with  older  infants. 


The  Mana;gement  of  the  Prematurely  Bom  Infant 


In  the  management  of  the  prematurely  born  infant  fac¬ 
tors  listed  in  the  preceding  discussion  must  be  given  special 
consideration.  The  body  temperature  must  be  maintained 
at  a  relatively  normal  level,  infections  must  be  avoided, 
and  respiratory  acti^dty  must  be  maintained.  The  diet 
must  be  sufficient  to  cover  the  special  requirements  and 
yet  must  be  small  in  Amliime  and  easily  digestible.  Careful 
and  intelligent  nursing  is  essential. 

In  order  to  maintain  the  body  teiiqierature  the  prema¬ 
turely  born  infant  must  be  clothed  properly,  kept  iii  a 
warm  environment,  and  not  exposed  to  the  chilling  effects 
of  injudicious  bathing.  The  clothing  should  be  so  designed 
as  to  provide  against  loss  of  body  heat,  but  at  the  same 


time  should  be  arranged  for  ready  changing  without  sub¬ 
jecting  the  infant  to  undue  chilling.  Suitable  clothing  con¬ 
sists  of  the  customary  shirt  and  diaper  and  a  quilted  cotton 
jacket  such  as  shown  in  Fig.  9.  This  jacket  is  made  from 
cotton  batting  covered  with  gauze  and  is  provided  with  a 
hood  to  cover  all  the  baby’s  head  except  the  face.  The 
jacket  should  be  sufficiently  long  to  extend  at  least  six 
inches  beloAv  the  baby’s  feet  and  Avide  enough  to  eiiA^elop 
the  infant  completely  and  to  hq)  over  several  inches  (Fio-. 
10).  The  jacket  is  o])ened  but  not  remoA^od  Avhen  the  diaper 
is  changed.  The  diaper  should  be  easilv  removable  and 
not  fastened  with  too  many  ])ins.  Tha  jacket  usuallv  is 
unnecessary  if  the  infant  is  kept  in  a  special  incubator 
room  such  as  is  provided  by  some  hospitals. 
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Fig  9. — Premature  jacket  of  quilted  cotton  and  gauze. 


Fig.  10. — Premature  jacket  applied  to  infant. 


PREMATURITY 


383 


The  infant  not  only  should  be  protected  by  suitable 
clothes,  but  also  should  be  kept  in  a  warm  environment. 
This  may  be  accomplished  either  by  putting  the  infant  in 
a  small  warm  room  or  in  one  of  tlie  several  vaiieties  of 
heated  infant  beds  or  incubators.  Whatever  the  means 
employed,  it  is  desirable  not  to  maintain  the  body  tempera¬ 
ture  at  a  level  higher  than  98.6°  F.  (37°  C.)  A  body  tem¬ 
perature  one  degree  below  normal  is  preferable  to  a  tem¬ 
perature  one  degree  aliove  normal. 

The  temperature  of  the  warm  room  should  be  85  to  90° 
F.  (29  to  32°  C.)  for  very  small  infants,  and  80  to  85°  F. 
(26  to  29°  C.)  for  those  weighing  over  four  pounds.  The 
temperature  of  the  room  should  be  regulated  to  that  which 
is  necessary  to  maintain  the  baby’s  temperature  at  a  suit¬ 
able  level.  Fresh  air  is  essential  but  drafts  are  to  be 
avoided.  The  air  of  the  room  should  be  moist,  a  relative 
humidity  of  55  to  60  per  cent  being  appropriate  under  aver¬ 
age  circumstances.  Suitalde  humidity  of  the  air  is  fully  as 
important  as  the  maintenance  of  the  environmental  tem¬ 
perature.  Incul)ator  rooms  of  some  liospitals  are  provided 
with  special,  often  automatic,  means  of  maintaining  humid¬ 
ity.  In  other  circumstances  it  may  be  maintained  by  evap¬ 
orating  water  from  an  open  basin  on  an  electric  stove  or  by 
placing  pans  of  water  or  moist  cloths  on  a  radiator.  The 
degree  of  humidity  may  be  determined  by  the  use  of  humid¬ 
ity-indicator  instruments  or  liy  tlie  use  of  the  wet  and  dry 
bulb  thermometer. 

It  is  not  always  possible  to  provide  a  suitable  warm  room 
which  may  be  maintained  at  a  constant  temperature  and 
be  properly  ventilated,  nor  is  such  a  warm  room  absolutely 
essential.  The  baby  may  be  placed  in  a  heated  bed  im¬ 
provised  from  a  clothes  basket  lined  with  quilting  and  kept 
warm  by  the  use  of  hot  water  bottles  or  well-protected 
e  ectric  pads.  Considerable  skill  and  constant  attention 
are  required  m  keeping  the  temperature  just  right  by  these 
means,  and  danger  of  overheating  or  burning  the  infant 
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satisfactory 


Vaiioiis  iiK'uliator  beds  with  automatic  lieat  control  have 
been  devised.  Of  these,  a  satisfactory  and  widely  used 
variety  is  the  Hess  incubator  bed.  The  temperature  of  the 
bed  usually  is  kept  at  about  85°  F.  (29°  C.).  The  chief 
disadvantage  of  many  incubator  beds  is  the  lack  of  means 
for  providing  humidity.  Some  incubator  lieds  have  such  a 
provision. 


hen  the  baby  is  kept  in  a  suitably  warmed  room,  he 
can  be  removed  to  a  dressing  table,  if  desired,  to  have 
various  offices  performed  for  him.  He  should  not  be  re¬ 
moved  from  tlie  warm  room  or  from  the  incubator  bed  for 
bathing  and  changing.  A  soap  and  water  bath  usually  is 
considered  inadvisable  for  the  very  small  baby.  In  cleans¬ 
ing  the  infant,  only  a  portion  of  the  body  should  be'  exposed 
at  one  time  and  cottonseed  or  olive  oil  should  be  used  in¬ 
stead  of  water.  Desirable  though  it  may  be  to  know  the 
weight  and  progress  of  gain  of  the  infant,  it  is  inadvisable 
to  make  daily  weighings,  as  this  involves  considerable  ex¬ 
posure — unless  it  can  be  done  in  an  incubator  room  with 
special  precautions.  AYeighing  every  three  or  four  days  is 
sufficient.  The  infant  should  be  wrapped  in  a  warm  blanket 
for  weighing,  the  weight  of  the  blanket  being  deducted 
subsecpi^ntly  from  the  total  weight. 

Prematurely  born  infants  are  extremely  susceptible  to 
infections,  and  even  such  a  mild  infection  as  a  cold  may 
have  fatal  consequences.  AVhenever  possible,  only  one 
nurse  should  be  in  charge  of  the  infant,  with  a  single  in¬ 
dividual  to  relieve  her.  As  an  extra  precaution  against 
infection  the  nurse  should  wear  a  face  mask  when  handling 
the  infant.  Should  the  nurse  contract  a  cold  or  any  other 
infection,  she  should  be  relieved  from  duty  promptly.  No 
visitors  should  enter  the  room.  IMaintenance  of  appro¬ 
priate  humidity  in  the  room  decreases  somewhat  the  in¬ 
fant’s  susceptibility  to  infection. 
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The  respiratory  effort  of  the  prematurely  born  infant 
at  best  is  poor,  and  often  is  insufficient  to  expand  the  lungs 
completely.  The  respirations  are  not  only  shallow  but 
often  irregular.  At  times  it  appears  that  the  infant  simply 
“forgets  to  breathe.”  During  these  apneic  attacks  cyano¬ 
sis  may  become  extreme  and  death  may  occur.  The  main¬ 
tenance  of  normal  respiratory  activity  is  difficult,  as  the 
respiratory  center  is  relatively  insensitive.  Sensory  stim¬ 
ulation  of  the  skin  is  impractical  as  these  infants  must  be 
kept  warmly  clothed  and  not  subjected  to  chilling.  The 
most  effective  means  of  bringing  about  expansion  of  the 
lungs  is  inhalation  of  a  mixture  of  oxygen  and  carbon  diox¬ 
ide.  These  mixtures  may  be  obtained  in  small  cylinders. 
Either  a  mixture  containing  5  per  cent  carbon  dioxide  or 
one  containing  30  per  cent  may  be  used.  The  30  per  cent 
mixture  has  a  strong  stimulating  effect  on  the  respiratory 
center  and  should  be  used  for  only  short  periods  when  the 
respiratory  action  has  practically  ceased.  The  inhalation 
of  a  30  per  cent  mixture  for  periods  of  from  3  to  5  minutes 
every  three  or  four  hours  serves  to  expand  the  lungs  and 
to  prevent  atelectasis.  The  5  per  cent  mixture  is  suitable 
for  prolonged  inhalations  after  the  respirations  have  been 
started.  The  inhalation  of  these  mixtures  brings  about  an 
increased  carbonic  acid  content  of  the  blood  without  dimin¬ 
ishing  the  oxygen  content. 

Inhalations  of  oxygen  alone  are  also  of  value  in  reliev¬ 
ing  cyanosis.  In  giving  the  inhalations,  a  bottle  of  water 
with  the  inlet  tube  reaching  to  the  bottom  should  be  con¬ 
nected  between  the  tank  and  the  funnel  or  catheter  to  be 
used.  The  tank  valve  should  be  so  regulated  as  to  allow 
from  60  to  80  bubbles  a  minute  to  pass  through  the  water 
(Fig.  11).  The  oxygen  may  be  administered  to  the  bal)y 
by  means  of  a  funnel  or  small  face  mask,  or  by  a  small- 
sized  nasal  catheter.  The  latter  method  is  more  effective 
and  economical  of  oxygen,  but  is  open  to  the  objection  that 
any  sudden  change  in  the  pressure  of  the  gas  mav  damage 
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the  infant,  ihe  catheter  method  slioiild  not  be  used  unless 
the  gas  tank  is  supplied  with  a  high  grade  valve  capable  of 
fine  adjustment.  An  oxygen  tent  may  be  used,  but  often 
it  is  not  easily  adapted  to  the  other  requirements  in  the 
care  of  the  infant.  Some  incubators  are  provided  with  an 
oxygen  inlet. 


Fig.  11. — Oxygen  inhalation  apparatus. 


The  sprinkling  of  a  little  cold  water  on  the  infant’s  face 
sometimes  serves  to  stimulate  respiration,  as  does  also  the 
administration  of  drop  doses  of  aromatic  spirits  of  am¬ 
monia.  Alpha-lobeline  is  sometimes  used  as  a'  respiratory 
stimulant,  but,  in  overdosage,  it  is  capable  of  producing 
respiratory  depression,  vomiting,  and  collapse.  The  initial 
dose,  given  subcutaneously,  should  not  exceed  /4o  to  14o  gi’- 
(0.0015  to  0.003  Gm.)  and  tliis  should  not  be  repeated  within 
four  to  six  hours. 

The  feeding  of  prematurely  born  infants  presents  special 
difficulties.  The  digestive  capacity  is  small,  and  only  small 
volumes  can  be  given  at  a  time  because  of  the  small  gastiic 
capacity,  yet  the  total  food  requirement  is  fairly  high. 
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Feeding  at  short  intervals  is  likely  to  lead  to  vomiting. 
Some  infants  may  be  fed  every  two  hours,  but,  tor  the 
majority,  three-  or  even  four-hour  feeding  intervals  are 

preferable. 

For  the  earliest  feeding’s  of  the  infant  born  jireinaturely, 
the  food  of  choice  is  human  milk  because  of  its  easy  digesti¬ 
bility.  The  infant  is  too  weak  to  suckle  vigorously  and  it  is 
generally  necessary  to  obtain  the  mother’s  milk  by  manual 
expression  or  by  means  of  a  pump.  Because  of  pi  ematui  e 
delivery,  the  mother  is  likely  to  have  little  milk.  If  in¬ 
sufficient  milk  is  obtained  from  the  mother,  the  milk  of  an¬ 
other  Avoman  may  be  used. 

For  the  average  prematurely  born  baby  the  customary 
regimen  is  to  offer  nothing  by  mouth  during  the  first  12 
hours  after  birth.  After  12  hours  a  small  quantity  of  water 
(4  ml.)  is  offered  in  order  to  determine  the  reaction  of 
the  baby  to  feeding.  Subsequently  human  milk  is  given  at 
the  chosen  intervals  in  quantities  of  4  ml.  or  more,  depend¬ 
ing  on  the  size  and  reaction  of  the  infant.  During  the 
second  24-hour  period  the  amount  of  milk  at  a  feeding  is 
increased  to  8  to  20  ml.,  and  on  the  third  day  another  slight 
increase  may  be  made.  During  these  first  three  days  it  is 
customary  also  to  offer  water  in  quantities  equivalent  to 
the  amounts  of  milk  that  are  being  given,  the  Avater  being 
administered  halfAvay  betAveen  the  feedings  of  milk.  In 
order  that  both  these  materials  be  given  satisfactorily,  the 
feeding  interval  for  the  milk  cannot  Avell  be  shorter  than 
three  hours.  A  fairly  good  general  rule  for  the  prescribing 
of  human  milk  is  to  give  it  in  a  quantity  equivalent  to  one- 
tAventieth  of  the  body  Aveight  on  the  first  day  that  milk  is 
fed;  thereafter  the  quantity  is  increased  gradually  until  it 
is  equiAmlent  to  one-fifth  of  the  body  Aveight.  In  the  case 
of  the  average  baby,  after  the  third  day  it  becomes  de¬ 
sirable  to  fortify  the  human  milk  (as  discussed  beloAv)  and 
to  decrease  the  amount  of  Avater  offered  betAA^een  feedings. 

men  babies  are  extremely  small  at  birth  (1200  grams 
or  less),  no  food  should  be  giA^en  in  the  first  36  to  48  hours. 
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During  this  period  the  water  content  of  the  body  should  be 
maintained  by  hypodermoclysis ;  the  (piantity  of  fluid  de¬ 
sirable  is  from  10  to  20  mil.,  given  twice  daily. 

If  the  infant  is  able  to  take  a  sufficient  volume  of  human 
milk  in  the  course  of  a  day,  his  energy  requirements  may  be 
met.  However,  this  is  not  always  possible,  as  some  infants 
will  take  no  more  than  half  an  ounce  or  an  ounce  at  a  feed- 
ing,  and  will  vomit  when  fed  more  often  than  every  three 
hours.  In  such  instances  fortification  of  the  milk  becomes 
necessary  in  order  that  an  adequate  energy  intake  be  ob¬ 
tained  in  a  small  total  volume.  Even  when  the  energy  re¬ 
quirements  are  met  by  means  of  human  milk,  the  require¬ 
ments  for  protein,  calcium,  and  phosphorus  usually  are  not 
met  fully.  The  rate  of  growth  expected  of  the  baby  up  to 
the  time  he  is  the  equal  of  a  baby  born  at  term  is  more  rapid 
than  can  be  accomplished  satisfactorily  with  the  amounts 
of  protein  and  mineral  in  the  quantity  of  human  milk  he 
can  ingest.  Consequently,  fortification  of  human  milk  be¬ 
comes  desirable  in  order  to  satisfy  the  nutritional  require¬ 
ments  other  than  of  energy. 

For  the  first  few  days — or  few  weeks,  depending  on  cir¬ 
cumstances — the  primary  consideration  is  survival.  For 
this  purpose  human  milk  is  best  suited,  because  of  its  easy 
utilization.  Subsequently  normal  growth  is  desired,  as 
well  as  survival.  It  is  largely  because  of  failure  to  supply 
these  needs  adequately  that  a  special  susceptibility  to 
rickets  and  anemia  is  attributed  to  babies  born  prema¬ 
turely. 

A  material  commonly  used  in  the  fortification  of  human 
milk  is  dried  skimmed  milk,  though  fresh  boiled  skimmed 
milk  or  acidified  skimmed  milk  may  serve  as  well.  Prepared 
casein  also  is  used  for  this  ])urpose.  One  may  add  safely 
as  much  as  2  per  cent  by  weight  of  casein,  or  5  per  cent  of 
dried  skimmed  milk. 

AVhen  human  milk  is  not  available,  some  type  of  cow’s 
milk  formula  is  used.  Simple  dilution  formulas,  evaporated 
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milk  mixtures,  or  acid  milk  formulas  may  be  P^escnbed 
according  to  the  principles  discussed  in  Chapters  XIV,  X 
and  XVI.  Since  fat  is  more  likely  to  cause  digestive  dis¬ 
turbance  than  the  other  constituents  of  milk,  low  fat  milk  is 
to  be  preferred.  Corn  oil  has  been  shown  to  be  more  easily 
utilized  by  the  prematurely  born  baby  than  cow’s  milk  fat. 
Because  of  this  fact,  a  proprietary  food  has  been  devised 
especially  for  the  feeding  of  these  babies ;  in  this  food  corn 
oil  replaces  the  butter  fat;  and  calcium  caseinate,  a  dexti in- 
maltose  mixture,  and  vitamin  A  have  been  added.  Some¬ 
times  protein  milk  with  6  per  cent  added  sugar  is  used,  this 
mixture  being  relatively  low  in  fat  and  adequate  in  most 
other  respects.  The  protein  milk  may  be  given  undiluted 
except  during  the  first  few  days  after  birth ;  if  dried  protein 
milk  is  used,  it  is  reconstituted  to  its  original  volume. 

Mechanical  difficulties  are  likely  to  be  encountered  in  the 
administration  of  any  type  of  feeding.  Most  prematurely 
born  babies  will  not  suck  well  on  a  nipple,  and  furthermore 
the  usual-sized  nijiple  is  too  large  for  the  mouths  of  very 
small  infants.  Special  types  of  feeders  have  been  devised, 
such  as  the  Breck  feeder,  but  these  devices  are  difficult  to 
keep  clean  and  possess  no  advantages  over  a  medicine 
dropper  or  a  rubber  bulb.  If  a  medicine  dropper  is  used, 
the  tip  should  be  protected  by  a  short  length  of  narrow 
ruliber  tubing.  The  bulb  often  employed  for  feeding  is  an 
all-rubber  bulb  of  the  type  sometimes  used  for  syringing 
the  ears.  In  using  either  of  these  devices,  small  amounts 
of  milk  are  allowed  to  flow  into  the  infant’s  mouth  at  a  time. 
If  the  infant  swallows  well,  this  method  is  satisfactory,  but 
some  infants  will  hold  a  portion  of  the  milk  in  the  mouth 
and  allow  it  to  flow  out,  or  they  may  aspirate  some  of  it.  In 
such  instances  resort  must  be  had  to  tube  feeding. 

In  feeding  by  tube,  a  small  catheter,  not  larger  than  No. 
12  French,  should  be  used.  This  is  inserted  through  the 
mouth  or  nose  and  passed  down  to  a  point  just  above  the 
cardiac  orifice  of  the  stomach.  It  is  better  not  to  allow  the 
catheter  to  enter  the  stomach,  where  it  may  cause  irritation 
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The  length  of  catheter  to  be  inserted  will  vary,  of  course, 
with  the  size  of  the  infant.  For  an  infant  weighing  4 
pounds  (1800  grams),  the  length  of  the  catheter  to  be  in¬ 
serted,  measured  from  the  margin  of  the  gums,  will  be  5  to 
6  inches  (12  to  15  cm.).  This  point  may  be  marked  with 
indelible  ink  on  the  catheter.  Milk  should  be  allowed  to 
How  into  the  stomach  slowly  by  gravity  from  a  glass  tube 
receptacle  held  not  more  than  6  to  8  inches  (15  to  20  cm.) 
above  the  head.  After  feeding,  the  catheter  is  pinched  off 
before  withdrawal  so  as  to  prevent  dripping  of  milk  into 
the  pharynx.  Tulie  feeding  may  lie  accomplished  with 
little  disturbance  to  the  infant.  In  fact,  some  infants  sleep 
tlirough  the  entire  procedure. 

The  quantity  of  food  to  be  given  for  the  first  few  days 
after  birth  already  has  been  discussed.  For  the  subsequent 
feeding  the  same  general  principles  hold.  No  set  rule  may 
be  laid  down  as  to  the  volume  of  food  which  the  infant  of 
a  given  weight  may  be  expected  to  take  at  a  feeding.  As 
more  food  is  needed,  the  amount  should  be  increased  cau¬ 
tiously.  The  regular  occurrence  of  vomiting  after  a  feed¬ 
ing  is  an  indication  that  too  large  a  volume  is  being  given. 
Vomiting  is  particularly  dangerous  for  the  prematurely 
born  infant  because  of  the  likelihood  of  aspiration  of  the 
vomitus.  Because  of  the  small  volumes  which  it  is  possible 
to  feed  at  a  time,  frequent  feedings  have  been  advised  in 
order  to  give  sufficient  food  in  the  course  of  a  day,  but  in 
general  the  better  method  of  introducing  more  food  is  to 
give  more  concentrated  feedings  at  longer  intervals.  The 
four-hour  interval  may  be  used  to  advantage  for  many  in¬ 
fants,  and  it  is  rarely  necessary  to  feed  more  often  than 
every  three  hours.  In  every  individual  instance,  the  feed¬ 
ing  intervals  and  volume  of  the  feedings  must  be  regulated 
according  to  the  response  of  the  infant. 

The  symptoms  of  vomiting  and  diarrhea  are  to  be  man¬ 
aged  along  the  same  general  lines  as  indicated  in  the  case 
of  infants  born  at  term.  When  vomiting  occurs,  the  volume 
of  the  feedings  should  be  decreased  and  the  feeding  in- 
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tervals,  if  short,  should  be  lengthened.  In  order  to  prevent 
inadequate  food  intake,  the  food  should  be  made  more  con¬ 
centrated.  Prematurely  horn  babies  become  dehydrated 
easily  and  quickly  unless  precautions  are  taken  to  insure 
adequate  hydration.  AVith  even  moderate  dehydration 
vomiting  is  likely  to  occur  as  a  symptom,  and^  the  vomit¬ 
ing,  in  turn,  increases  the  dehydration.  Maintaining  a 
high  relative  humidity  in  the  environment  assists  greatly 
in  preventing  dehydration  and  its  associated  vomiting. 

Diarrhea  is  always  serious  in  the  case  of  prematurely 
born  infants,  and  severe  diarrhea  usually  is  fatal.  The 
treatment  is  rendered  difficult  because  these  infants  cannot 
be  starved  for  long.  Food  must  be  supplied  in  some  form 
even  though  diarrhea  persists.  Certain  alterations  in  the 
type  of  food  may  be  indicated.  If  human  milk  is  being 
used,  it  may  be  acidified  with  lactic  acid,  using  two  drops  of 
acid  to  the  ounce  of  milk.  If  an  artificial  feeding  is  lieing 
used,  a  portion  of  the  fat  may  be  removed.  Dextrose  may 
be  used  in  place  of  any  other  added  sugar.  Parenteral  ad¬ 
ministration  of  fluid  often  becomes  necessary  to  prevent 
dehydration.  Other  measures  discussed  in  the  chapter  on 
Diarrhea  may  be  indicated  at  times. 

The  amount  of  vitamin  D  required  by  the  prematurely 
born  infant  is  discussed  in  Chapter  Vll.  AAdiile  current 
opinion  supports  the  administration  of  relatively  large 
amounts  of  vitamin  D  to  these  immature  babies,  no  satis¬ 
factory  evidence  exists  that  the  requirement  is  greater 
than  for  infants  born  at  term.  Because  of  the  unknown 
possibility  of  a  greater  need,  more  may  be  given,  but  it  is 
believed  that  800  units  daily  is  fully  adequate.  Since  it  is 
possible  to  obtain  this  amount  of  vitamin  D  in  a  single 
teaspoonful  of  high-potency  cod-liver  oil,  it  is  possible'^to 
supply  the  need  of  the  infant  from  this  source.  If  cod- 
liver  oil  is  used,  a  divided  dose  is  desirable  in  the  early 
weeks.  Because  of  the  danger  of  aspiration,  with  subse¬ 
quent  serious  lipoid  pneumonia,  many  physicians  prefer 
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to  give  vitamins  A  and  D  to  the  prematurely  born  infant 
in  the  form  of  a  water-miscible  concentrate,  which  may 
be  added  directly  to  the  food. 

The  need  of  the  infant  for  vitamin  C  is  fully  as  great  as 
is  that  of  the  baby  born  at  term  (p.  124).  Strained  orange 
juice  may  be  given  in  small  and  increasing  amounts  from 
the  earliest  weeks.  If  desired,  dissolved  ascorbic  acid  may 
lie  added  to  the.  milk  immediately  before  feeding. 

The  prematurely  born  infant  tends  to  become  anemic  un¬ 
less  special  precautions  are  taken  (see  p.  88).  Considerable 
amounts  of  blood  must  be  formed  as  the  baby  grows,  and 
the  stores  of  iron  in  the  body  are  relatively  small.  After 
the  first  few  weeks  the  addition  of  small  amounts  of  iron 
to  the  diet  is  desirable.  One  teaspoonful  of  a  one  per  cent 
solution  of  iron  and  ammonium  citrate  added  to  the  feed¬ 
ing  is  usually  a  sufficient  daily  supply.  Excessive  amounts 
of  iron  salts  are  irritating  to  the  gastrointestinal  tract. 

By  the  time  prematurely  horn  infants  have  attained  the 
weight  of  six  pounds  (2700  grams)  they  may  be  treated  in 
much  the  same  manner  as  voung  full-term  infants  and  the 
treatment  thereafter  will  be  essentiallv  the  same  as  that  of 
average  normal  infants ;  the  food  requirements  for  a  num- 
ber  of  months,  however,  are  likely  to  be  relatively  high  in 
proportion  to  the  body  weight.  Many  infants  who  are  free 
from  disease  will  gain  sufficiently  rapidly  to  lie  of  average 
size  and  weight  by  the  age  of  six  months.  The  majority, 
however,  are  somewhat  undersized  and  underweight 
throughout  the  first  year.  TTltimately  the  development  is 
as  good  as  that  of  childi-en  who  have  lieen  horn  at  full  term. 


CHAPTER  XXVlll 

COMMON  INFECTIONS  WHICH  ARE  ASSO¬ 
CIATED  WITH  NUTRITIONAL  DISTURBANCES 

All  iin^iortaiit  reciprocal  relationship  exists  between  in¬ 
fections  and  nutrition  in  infancy.  Ini  ants  whose  diets  have 
been  inadequate  in  total  fuel  value  or  in  such  specific  fac¬ 
tors  as  certain  of  the  vitamins  or  protein  and  who,  as  a 
result,  have  become  undernourished,  are  especially  suscep¬ 
tible  to  infections.  On  the  other  hand,  any  infection  which 
gives  rise  to  vomiting,  diarrhea,  cell  destruction  or  in¬ 
creased  metabolism,  or  which  results  in  diminished  secre¬ 
tion  of  the  gastrointestinal  juices  or  diminished  absorption 
from  the  gastrointestinal  tract  necessarily  affects  nutri¬ 
tion.  Infants  in  general  are  more  susceptible  to  infections 
of  the  rhinopharynx,  middle  ear,  and  urinary  tract  than 
are  older  persons;  these  infections  are  especially  likely 
to  exert  a  deleterious  effect  on  nutrition. 

Because  of  the  fact  that  many  of  the  symptoms  produced 
as  the  result  of  infections  are  similar  to  those  resulting 
from  an  unsuitable  diet,  a  frequent  error  is  made  in  assum¬ 
ing  that  the  food  is  at  fault  when  the  difficulty  is  really  in¬ 
fection.  On  the  mistaken  assumption  that  the  symptoms 
are  due  to  unsuitability  of  the  food,  the  diet  often  is  changed  * 
by  deci  easing  the  amounts  of  various  food  components — a 
change  which  leads  only  to  still  greater  impairment  of  the 
nutrition  and  to  further  susceptibility  to  infection.  Cer¬ 
tain  infections  in  infancy  are  so  common  and  so  frequently 
associated  with  nutritional  and  gastrointestinal  disturb¬ 
ances  as  to  deserve  special  and  somewhat  detailed  con¬ 
sideration. 

Rhinopharyngitis 

Rhinopharyngitis,  or  simple  “cold  in  the  head,”  is  of 
relatively  frequent  occurrence  and  of  little  importance  in 
itself  except  in  so  far  as  extension  of  the  infection  to  the 
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middle  ear,  bronchi,  or  lungs  is  concerned.  Infants  other¬ 
wise  in  good  condition  who  develop  acute  rhinopharyn¬ 
gitis  have  slight  fever,  refuse  a  portion  of  the  feedings, 
and  occasionally  vomit.  The  stools  may  be  somewhat  more 
numerous.  The  symptoms  persist  for  only  a  day  or  two 
and  require  no  modillcation  of  the  character  of  the  feed¬ 
ing,  although  the  infant  himself  will  limit  the  intake.  It 
is  doubtful  whether  the  course  of  an  acute  rhinopharyngitis 
can  be  shortened  materially  by  therapy,  although  local 
treatment  may  make  the  infant  more  comfortable  and  may 
prevent  extension  of  the  infection.  In  the  early  stage  of 
rhinitis  it  is  useful  to  keep  the  nose  open  by  occasional  use 
of  1/2  to  1  jjer  cent  ephedrine  in  saline  if  it  does  not  prove 
irritating.  The  amount  used  should  be  small,  one  drop  on 
each  side  often  being  sufficient.  After  three  or  four  days 
when  the  secretion  has  lieconie  purulent,  suction  is  advis¬ 
able  to  clear  the  nose.  If  silver  protein  is  used,  a  5  per 
cent  solution  is  satisfactory.  However,  the  usefulness  of 
silver  protein  is  somewhat  questionable.  Maintenance  of 
increased  environmental  humidity  is  helpful,  especially  in 
preventing  complications. 


Otitis  Media 

Otitis  media  is  one  of  the  frequent  complications  of 
rhinopharyngitis,  infants  being  especially  susceptible  to 
this  infection  because  of  the  fact  that  the  eustachian  tubes 
are  short  and  relatively  wide  and  are  more  nearly  horizon¬ 
tal  when  the  infant  is  lying  on  his  back.  One  of  the  first 
symptohis  ot  otitis  media  in  addition  to  lestlessness  and 
h’etfulness  is  likely  to  lie  vomiting.  Vomiting  may  occur 
even  before  fever  or  local  evidence  of  intlammation  on 
otologic  examination.  It  may  be  persistent  and  projectile. 
Later,  diari  hea  may  develop.  The  seveiity  of  the  diarrhea 
depends  on  the  nutritional  condition  of  the  infant  and  on 
the  severity  and  virulence  of  the  infection. 

In  well-nourished  infants,  an  ordinary  acute  otitis  media 
is  not  likelv  to  be  followed  by  very  severe  diarrhea,  and  the 
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diarrhea  ceases  rather  promptly  on  suitable  treatment 
of  the  ear  infection.  Occasionally  middle  ear  infections 
occur  in  epidemic  forni;  these  usually  are  due  to  toxin- 
producing  strains  of  the  streptococcus.  The  diarrhea  is 
then  more  severe  and  may  lead  to  marked  dehydration,  with 
acidosis  and  severe  toxemia,  the  clinical  iiicture  being  that 
of  “alimentary  intoxication”  (see  ji.  282). 

Some  degree  of  fever  is  present  in  any  type  of  otitis 
media,  although  markedly  malnourished  infants  may  show 
little  temperature  reaction.  Tlie  infant’s  actions  may 
give  no  clue  as  to  the  location  of  the  infection,  although 
there  may  ])e  some  rolling  of  the  head  and  occasional  pull¬ 
ing  at  one  ear  in  the  case  of  older  infants.  The  diagnosis 
can  be  made  only  by  otologic  examination.  For  this  pur¬ 
pose  the  electric  otoscope  with  magnifying  glass  attach¬ 
ment  is  especially  useful,  although  with  experience,  one 
blessed  with  good  eyesight  may  make  a  satisfactory  exami¬ 
nation  with  the  head  mirror  and  speculum.  The  infant’s 
tympanic  membrane  is  more  horizontally  j)laced  than  that 
of  the  adult  and  somewhat  more  difhcult  to  observe. 

The  fii'st  change  in  the  drum  membrane  in  the  presence 
of  a  developing  otitis  media  is  a  congestion  about  the 
periphery  and  along  the  handle  of  the  malleus.  The  mem¬ 
brane  then  becomes  somewhat  swollen  and  edematous  and 
loses  its  luster.  As  serum  and  pus  accumulate  in  the  mid¬ 
dle  ear,  some  bulging  occurs,  and  the  color  of  the  membrane, 
which  has  previously  been  drab,  may  become  a  fiery  red. 
At  this  stage  the  landmarks  are  distorted  and  the  light  re¬ 
flexes  lost.  Bulging  may  suliside,  due  to  discharge  of  pus 
thiough  the  eustachian  tube,  l)ut  the  drum  membrane  re¬ 
mains  red  and  thickened.  In  very  undernourished  infants 
and  in  those  who  are  anemic  oi-  badly  desiccated,  the  drum 
membiane  may  not  ])e  red  even  when  pus  is  present  in  the 
middle  ear.  Tt  may  l)e  a  dull  whitish  color.  After  restora¬ 
tion  of  body  fluids  and  transfusion,  more  active  signs  of 
inflammation  are  present. 
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The  treatment  to  be  instituted  will  depend  on  the  se¬ 
verity  and  degree  of  extension  of  the  infection  and  the  state 
of  nutrition  of  the  infant.  In  healthy,  well-nourished  in¬ 
fants,  middle  ear  infections  often  subside  without  para¬ 
centesis  being  performed,  even  though  the  tympanic  mem¬ 
brane  is  red  and  moderately  luilging.  Recovery  in  these 
instances  is  presumably  due  to  drainage  through  the  eu- 
stachian  tubes  and  overcoming  of  the  infection  by  natural 
resistance.  Local  treatment  of  the  nose  as  recommended 
for  rhinopharyngitis  is  of  some  value.  Ephedrine  is  espe¬ 
cially  useful  in  causing  a  shrinking  of  the  edematous  mu¬ 
cosa  surrounding  the  openings  of  the  eustachian  tubes. 
The  instillation  of  drops  containing  phenol  and  glycerin 
in  the  ear  often  relieves  pain  by  the  local  anesthetic  action 
of  phenol,  allows  the  child  to  get  some  much  needed  rest, 
and  possibly  has  some  effect  in  overcoming  the  infection, 
although  one  could  hardly  expect  very  much  phenol  to  find 
its  way  through  the  eardrum..  A  5  to  8  per  cent  solution 
of  phenol  in  glycerin  is  recommended,  and  may  be  used, 
slightly  warmed,  as  often  as  every  half-hour.  Certain 
proprietary  remedies  also  are  very  useful. 

Unless  the  temperature  falls  and  evidences  of  infection 
subside  within  two  or  three  days,  paracentesis  should  be 
performed.  Paracentesis  is  not  often  required  in  cases 
of  otitis  media  occurring  in  well-nourished  infants,  but  is 
required  in  almost  all  cases  of  otitis  media  in  undernour¬ 
ished  and  athreptic  infants.  Paracentesis  should  be  done 
at  the  point  of  greatest  bulging  of  the  drum.  After 
paracentesis  the  ears  should  be  kept  clean,  preferably  by 
the  use  of  dry  cotton  pledgets,  though  some  physicians  use 
o'entle  syringing  with  sterile  physiological  salt  solution. 
Reincision  may  be  required  if  the  opening  closes  before 
subsidence  of  the  infection.  After  adequate  drainage  of 
the  tympanic  cavity  is  established,  cessation  of  the  general 
symptoms  may  be  expected,  thmipb  the  ears  may  dram  for 
a  considerable  time,  especially  in  undernonnshed  infants. 
Profnse  drainage  continuing  for  longer  tb.an  a  week  or  hio 
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may  indicate  poor  resistance  on  the  part  of  the  infan  ,  - 

infection  by  way  of  the  eiistachian  tubes,  or  extension  of  the 
infection  to  the  mastoid  antrum.  A  rare  cause  of  continuer 
discharge  is  tuberculosis  of  the  middle  eai. 

In  undernourished  infants  with  poor  resistance,  the  giv¬ 
ing  of  repeated  transfusions  and  the  feeding  of  an  adequate 
diet  offer  the  best  means  of  improving  the  resistance.  Ke- 
infection  of  the  middle  ear  by  way  of  the  eiistachian  tubes 
is  most  often  seen  when  an  infected  mass  of  adenoids  is 
present  in  the  rhinopharynx.  Chronically  infected  tonsils 
may  also  be  a  factor  in  keeping  uji  ear  infection.  The  in¬ 
dication  in  these  cases  is  removal  of  the  adenoids  or  tonsils 
or  both.  When  the  infection  has  extended  to  the  mastoid 
antrum,  there  may  be  definite  local  evidences  of  swelling 
and  edema  over  the  mastoid  process  or  merely  a  bulging 
of  the  posterior  superior  canal  wall  and  adjacent  drum 
membrane.  In  some  cases  roentgenographic  evidence  of 
mastoid  involvement  is  obtainable ;  however,  many  mastoid 
infections  in  infants  are  not  revealed  by  the  roentgen¬ 
ogram.  When  definite  mastoid  infection  is  present,  drain¬ 
age  of  the  mastoid  antrum  or  a  more  extensive  mastoid 
operation  is  indicated. 

The  treatment  of  such  gastrointestinal  symptoms  as  inay 
be  present  is  that  outlined  in  the  chapters  on  Diarrhea  and 
Vomiting.  The  infant  should  not  be  forced  to  take  food 
beyond  the  desires  of  his  appetite,  and  water  should  be  sup¬ 
plied  freely  especially  if  any  evidences  of  dehydration  have 
developed.  Often  fluid  must  be  supplied  parenterally. 

Mastoiditis 

Probably  in  the  majority  of  instances  of  otitis  media, 
extension  of  the  infection  to  the  attic  and  mastoid  antrum 
occurs,  especially  if  much  pus  has  accumulated.  The 
mastoid  antrum  in  the  infant  is  present  at  birth  as  a  single 
small  cell.  Later  this  cell  enlarges  and  with  growth  and 
pneumatization  of  the  mastoid  processes  communicates 
with  other  cells.  During  early  infancy  the  antrum  and 
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Hiiddle  ear  form  essentially  one  cavity,  commnnicating 
tlirongli  the  aditus  ad  antrmn.  When  the  tympanic  cavity 
is  drained,  the  antrum  also  drains  unless  obstruction  oc¬ 
curs  at  the  aditus.  Such  obstruction  may  occur,  however, 
if  the  aditus  is  narrow,  as  the  mucosa  easily  swells  so  as 
to  shut  off  completely  the  antrum  from  the  tympanic  cav¬ 
ity.  In  these  instances  the  infection  remains  in  the  antrum 
and  ma}"  give  rise  to  constitutional  manifestations.  In 
infants  who  are  undernourished  and  whose  resistance  is 
lowered,  infection  in  the  antrum  tends  to  spread  into  the 
adjacent  bone,  even  though  Ihocking  off  at  the  aditus  may 
not  be  complete.  It  is  in  such  infants  that  severe  consti¬ 
tutional  symptoms  are  seen  and  in  whom  the  infectious 
process  in  the  antrum  persists  despite  free  drainage  of  the 
middle  ear  through  a  tympanic  opening. 

A  variety  of  organisms  may  be  responsible  for  mastoid 
antrum  infections,  hemolytic  streptococci  being  especially 
serious  offenders.  The  general  symptoms  of  mastoid 
antrum  infection  do  not  usually  differ  greatly  from  those 
of  middle  ear  infections  with  the  same  organism  except 
that  the  symptoms  are  likely  to  be  somewhat  more  marked 
and  to  continue  for  longer  periods  of  time.  In  many  cases 
of  mastoid  infection  with  such  organisms  as  staphylococci, 
in  infants  that  are  well  nourished,  no  effects  other  than 
those  of  any  febrile  disturbance  may  be  oliserved,  even 
though  large  subperiosteal  abscesses  occur.  Little  or  no 
vomiting  or  diarrhea  and  no  tendency  to  anhydremia  may 
be  noted.  On  the  other  hand,  in  malnourished  infants  with 
liemolytic  streptococcus  infections,  or  with  mastoid  infec¬ 
tion  with  organisms  of  tlie  intestinal  group,  marked  general 
symptoms  of  diarrhea,  vomiting,  and  anhydremia  may  be 
present  despite  the  fact  that  local  evidences  of  mastoid  in¬ 
fection  are  slight.  When  a  baby  is  encountered  who  sud¬ 
denly  has  developed  the  symptoms  of  cholera  infantum, 
mastoiditis  should  be  suspected  and  tlie  diagnosis  should  be 
immediately  confirmed  or  excluded.  If  mastoiditis  is  pres¬ 
ent  as  the  cause  of  the  symptoms,  recovery  from  the  serious 
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phase  of  tlie  illness  begins  promptly  when  the  affected 
mastoid  antrum  is  drained.  The  mastoiditis  more  often 
is  bilateral  than  unilateral.  The  diagnosis  of  mastoiditis 
as  it  occurs  in  relation  to  cholera  infantum  often  requiies 
an  experienced  otologist  because  of  the  dearth  of  local  evi¬ 


dence  of  the  disease. 

The  local  evidences  in  some  instances  amount  to  no  more 
than  a  swelling  of  the  posterior  superior  canal  wall  and 
adjacent  drum  membrane.  '^Idiere  may  be  no  tenderness, 
redness,  or  swelling  over  tlie  mastoid  region.  lioentgeno- 
grams  may  reveal  a  clouding  of  the  antrum  and  even  of  the 
whole  mastoid  process;  but  inasmuch  as  there  is  so  much 
individual  variation  in  normal  infants  in  the  degree  of 
pneumatization  of  the  mastoid  and  in  the  size  of  the  antrum, 
roentgenograms  should  be  interpreted  only  in  coiiqiarison 
with  the  opposite  side,  and  if  this  also  is  involved,  it  may 
be  impossible  to  reach  a  conclusion  as  to  the  significance 
of  the  radiographic  findings.  In  some  cases  a  definite  diag¬ 
nosis  of  mastoid  or  mastoid  antrum  involvement  cannot  be 
made.  The  condition  can  be  suspected  only  on  the  basis  of 
the  symptoms  and  by  exclusion  of  other  causes  for  tlie  fever 
or  general  symptoms.  Not  infrequently  extensive  mastoid 
involvement  is  discovered  at  autopsy  when  very  little  evi¬ 
dence  of  the  condition  had  been  present  up  to  the  time  of 
death.  Occasionally  otitis  media  may  subside  entirely, 
but  at  autopsy  the  mastoid  antrum  is  found  filled  with  pus. 
Ildien  mastoid  infections  of  the  type  described  are  recog¬ 
nized  and  suitably  treated  by  surgical  drainage,  promy^t 
disappearance  of  the  general  sym]:)toms  follows  in  the 
majority  of  instances. 


Another  type  of  mastoid  involvement  is  seen  almost  ex¬ 
clusively  in  malnourished  infants  and  ay-)pears  to  be  second¬ 
ary  to  gastrointestinal  disturbance  or  to  intestinal  infec¬ 
tion.  In  these  infants  the  middle  ear  and  mastoid  involve¬ 
ment  is  not  present  until  late  in  the  course  of  diarrhea. 
The  ear  infection  is  not  y)receded  by  rhinopharyngitis. 
The  local  evidences  in  the  tymy)anic  membrane  are  slighter 
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than  in  the  case  of  the  primary  ear  infections  and  the 
local  evidences  of  the  mastoid  involvement  are  likewise 
slight,  even  in  cases  in  which  an  extensive  necrosis  is  found 
at  autopsy.  In  these  secondary  tyjjes  of  mastoid  involve¬ 
ment,  tlie  organisms  found  are,  in  most  instances,  intestinal 
types,  such  as  strains  of  the  E.  coli,  or  members  of  the 
paratyphoid  or  paradysentery  groups.  The  organisms  ob¬ 
tained  on  culture  from  the  mastoid  antrum  are  often  dif¬ 
ferent  from  those  obtained  from  the  middle  ear,  thus  sug¬ 
gesting  the  possibility  of  direct  blood-stream  infection, 
although  it  appears  probable  in  most  instances  that  the 
intestinal  organisms  reach  the  ears  from  vomited  material 
by  way  of  the  eustachian  tubes. 

Coincident  with  the  develo})ment  of  mastoid  infections 
in  infants  suffering  from  diarrhea,  usually  an  exacerbation 
in  the  gastrointestinal  s^miptoms  and  an  elevation  of  the 
temperature  above  the  previous  level  will  be  observed. 
In  tliese  cases,  drainage  of  the  middle  ear  and  mastoid 
antrum  does  not  result  in  the  same  degree  of  improvement 
in  the  general  and  gastrointestinal  symptoms  as  is  observed 
in  primary  types  of  ear  infection  previously  described.  The 
mortality  in  these  cases  is  high  because  of  the  fact  that 
the  infants  who  develop  the  complication  are  already  in 
a  precarious  condition  and  are  still  further  weakened  by 
the  added  infection. 

Still  another  type  of  mastoid  infection  occurs  occa¬ 
sionally  in  infants.  It  is  characterized  in  part  by  low-grade 
clironicity  and  an  almost  complete  lack  of  the  symptoms 
and  signs  ordinarily  attributed  to  mastoiditis.  The  otologic 
signs  are  no  more  than  a  moderate  edema  or  bulging  of  the 
posterior  superior  canal  wall,  changes  that  are  overlooked 
easily  by  the  inexpert.  The  most  constant  symptoms  are 
occasional  refusal  of  part  of  the  food,  occasional  and 
moderate  I’egurgitation,  and  the  passage  of  stools  with  onl\ 
slightly  greater  than  normal  frequency.  Tlie  stools  are 
sufficiently  acid  to  excoriate  the  skin  of  the  anal  region,  and 
no  customary  diet  change  decreases  the  stool  acidity  ap- 
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preciably.  AVlien  sufficient  food  is  given,  these  babi  <  ' 
excellent  growth  progress  and  exhibit  no  evidence  o  - 
ness  other  than  the  mild  gastrointestinal  symptoms  that 
have  been  mentioned.  The  body  temperature  is  normal. 
This  variety  of  mastoiditis  is  important  from  two  majoi 
standpoints.  The  presence  of  gastrointestinal  symptoms, 
even  though  moderate,  too  often  leads  to  therapeutic  under¬ 
feeding  in  the  attempt  to  correct  the  digestive  disturbance. 
Further  reductions  in  diet  are  made  because  the  first  ones 
did  not  cause  improvement.  Marked  malnutrition  in¬ 
evitably  results  from  such  a  regimen.  The  other  important 
effect  of  this  type  of  mastoiditis  is  the  possible  occurrence 
of  attacks  of  syncope,  which  may  result  in  sudden  and  un¬ 
expected  death.  If  the  infant  is  observed  at  the  time  of 
occurrence  of  a  syncopal  attack,  he  may  be  revived  easily 
by  suitable  stimulation.  In  these  circumstances  the 
attack  is  of  only  brief  duration  and,  when  it  is  over,  the 


babv  seems  none  the  worse  and  in  his  usual  state  of  health 
and  vigor.  In  many  instances,  no  doubt,  death  from  so- 
called  status  lymphaticus  in  infancy  is  caused  by  chronic 
low-grade,  undiagnosed  mastoiditis.  Fortunately  syncopal 
attacks  and  death  from  this  cause  are  not  common. 

The  treatment  of  mastoid  infections  in  infants  depends 
on  the  condition  of  the  infant  and  the  severity  of  the 
process.  In  many  instances  the  mastoid  infection  in  well- 
nourished  infants  subsides  spontaneously  or  after  ade¬ 
quate  middle  ear  drainage.  In  others,  it  becomes  necessary 
to  drain  the  mastoid  antrum.  In  cases  of  antrum  infection 
without  extension  to  the  remainder  of  the  mastoid  process, 
antrotomy  or  “post-auricular  drainage”  is  all  that  is  re¬ 
quired.  This  simple  operation  is  performed  under  local 
anesthesia  and  may  be  accomplished  with  very  little  dis¬ 
turbance  or  shock.  The  operation  consists  merely  in  the 
removal  of  a  small  button  of  bone  over  the  mastoid  antrum. 
The  pus  in  the  antrum  should  be  gently  removed  with  a 
swab,  and  a  gauze  drain  should  be  inserted.  Extensive 
curettage  should  not  be  attempted,  especially  in  the  case 
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of  malnoulished  infants,  as  this  may  damage  the  mucosa 
and  adjacent  bone  and  favor  extension  of  the  process.  The 
wound  should  be  kept  open  for  a  reasonable  time  by  the 
insertion  of  a  drain.  Healing  is  usually  prompt  in  well- 
nourished  infants,  but  in  athreptic  infants  is,  at  times, 
very  slow,  there  being  often  but  little  evidence  of  repair  for 
a  period  of  weeks.  In  cases  of  extensive  involvement  of 
the  mastoid  process,  more  radical  operation  is  required. 
In  all  eases  of  mastoid  infection,  suitable  treatment  of  the 
I’liinopharynx  and  middle  ear  should  be  continued  and  the 
fluid  balance  of  the  body  should  be  maintained,  using  par¬ 
enteral  routes  of  administration  if  necessary. 

Sinusitis 

The  paranasal  sinuses  are  only  partially  developed  at 
birth.  However,  even  at  this  early  age,  the  maxillary  and 
ethmoidal  sinuses  are  sufficiently  developed  to  be  of  clinical 
importance.  These  sinuses  are  involved  with  every  gen¬ 
eralized  infection  of  the  nasal  mucosa.  Usually,  when 
babies  have  colds,  the  sinus  infection  is  of  no  great  clinical 
importance  because  it  subsides  spontaneously  without  spe¬ 
cial  treatment.  In  occasional  instances,  especially  in  the 
case  of  maxillary  sinusitis,  drainage  from  the  sinus  is 
blocked  by  swelling  of  the  mucous  membrane.  Blockage 
of  drainage  in  the  case  of  purulent  sinusitis  produces 
marked  symptoms  at  any  age.  In  infancy  these  symptoms 
are  likely  to  include  those  which  characterize  cholera  in¬ 
fantum  or  alimentary  intoxication.  Thus  sinusitis  may 
have  a  causal  relationship  to  one  of  the  most  serious  ill¬ 
nesses  of  infancy.  Fortunately  this  event  is  not  common, 
but  when  it  occurs,  its  recognition  is  extremely  important. 
In  the  diagnosis  roentgenograms  are  helpful.  Roentgeno¬ 
grams  may  or  may  not  give  a  true  picture  of  the  status 
of  the  inflammation  of  the  sinuses,  but  they  show  the  loca¬ 
tion  and  stage  of  development,  particularly  of  the  maxillary 
antra;  this  information  is  of  assistance  if  diagnostic  punc¬ 
ture,  of  the  antra  is  to  be  done.  A^Hien  cholera  infantum 
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is  dependent  on  sinusitis,  recovery  occurs  as  a  result  of 

local  treatment.  The  recovery  is  not  quite  ««  '"j 

dramatic  as  that  ivhich  occurs  after  f  ^y  in 

those  instances  in  which  the  illness  is  dependent  mas- 

toiditis.  AVith  the  institution  of  local  treatment  to  t 

sinuses,  the  progression  of  the  constitutional  illness  is  ai- 

rested,  and  within  two  or  three  days  rapid  improvement  be- 

o-ins.  The  difference  in  the  course  of  these  two  conditions 

probably  is  dependent  on  the  difference  in  adequacy  of 

drainage.  _  .... 

Pvelitis 


Pyelitis  is  a  frequent  cause  of  nutritional  disturbance 
during  infancy  and  one  which  is  likely  to  be  ovei  looked, 
since  no  symptoms  directly  referable  to  the  urinaiy  tiact 
may  be  observed.  The  frequent  occurrence  of  pyelitis  in 
infants  may  be  explained  on  the  basis  of  lack  of  immunity 
to  colon  bacillus  infections,  to  anatomical  i^eculiarities  of 
the  urinary  tract  and  to  frequent  soiling  about  the  urethra. 
Pyelitis  may  occur  in  well-nourished  infants  but  is  dis¬ 
tinctly  more  frequent  in  those  whose  nutrition  is  below 
normal  and  in  those  whose  resistance  is  lowered  by  the 
presence  of  other  infections.  Thus  the  development  of 
pyelitis  is  often  observed  after  acute  or  chronic  rhino- 
pharyngeal  or  ear  infections.  The  first  evidences  of  pye¬ 
litis  may  appear  after  an  infant  has  suffered  from  a  gas¬ 
trointestinal  disturbance.  It  is  possible  that  the  intestinal 
wall  becomes  permeable  to  colon  bacilli  in  such  circum¬ 
stances,  and  that  the  organisms  reach  the  kidney  by  way 
of  the  blood  stream  or  lymphatics.  The  development  of 
P3^elitis  is  favored  liy  any  anomaly  of  the  urinary  tract, 
such  as  strictures  or  kinks  in  the  ureters  or  disturbances 
in  the  neuromuscular  function  of  the  bladder.  Pyelitis  is 
much  more  frequent  in  females  tlian  in  males. 

AVhatever  the  cause  of  pyelitis,  the  effects  on  nutrition 
may  be  marked.  Tlie  infant’s  appetite  is  lessened  and 
vomiting  is  of  frequent  occurrence.  There  is  occasionally 
diarrhea.  Even  infants  who  take  fair  amounts  of  food  anil 
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do  not  have  inueh  gastrointestinal  distarbanee  fail  to  show 
normal  gain  in  weight.  Infants  with  pyelitis  may  be  pale 

and  pasty  in  appearance  and  are  often  languid  and 
apatlietic. 

A  definite  diagnosis  of  pyelitis  can  be  made  only  by 
uiinaiy  examination.  A  voided  specimen  of  urine  is  satis- 
factoiy  for  examination  in  the  case  of  males,  but  in  females 
a  catheterized  specimen  is  preferable  because  of  the  possi¬ 
bility  of  contamination  with  pus  cells  from  the  vagina  or 
labia.  The  methods  of  collecting  urine  are  described  in 
Chapter  XXXII.  An  nncentrifnged  specimen  should  be 
examined  under  the  high  power  of  the  microscope.  The 
diagnosis  of  pyelitis  is  warranted  only  if  there  are  more 
than  8  or  10  leucocytes  to  a  field,  especially  if  they  are  in 
clumps.  A  single  urine  specimen  may  be  free  from  pus 
and  subsequent  specimens  may  contain  large  amounts. 
This  finding  is  probably  due  to  retention  at  some  point  in 
the  kidney  or  ureter. 

In  the  treatment  of  pyelitis  many  remedies  have  been 
used,  each  having  been  supplanted  by  one  more  recently 
discovered.  At  i^resent,  sulfonamide  therapy  is  the  pro¬ 
cedure  of  choice.  Effective  concentration  in  the  urine  mav 
be  obtained  with  one-half  the  dosage  customary  for  other 
infections.  For  most  of  the  organisms  causing  pyuria  a 
concentration  of  10  mg.  for  each  100  ml.  of  urine  is  effec¬ 
tive.  A  few  organisms  require  somewhat  more.  An  effec¬ 
tive  concentration  in  the  urine  is  attained  with  a  twenty- 
four-hour  dosage  of  0.1  Gm.  for  each  kilogram  {%  gr.  for 
each  pound).  In  case  of  sulfonamide  sensitivity  or  resist¬ 
ance  some  of  the  older  remedies  can  be  used  and  are  effec¬ 
tive.  These  include  mandelic  acid  and  hexamethylenamine. 

Hexamethylenamine  (methenamine)  is  administered  by 
mouth.  This  substance  is  excreted  in  the  urine  and,  in 
the  presence  of  acid  in  the  urine,  it  is  partially  decom¬ 
posed,  with  the  liberation  of  formaldehyde.  The  dosage 
of  methenamine  for  an  infant  is  from  0.2  Gm.  to  0.5  Gm. 
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(3  to  7.5  gr.)  as  often  as  four  times  a  day.  Coincident 
with  the  administration  of  methenamine,  substances  should 
be  administered  which  will  render  the  urine  acid  in  reac¬ 
tion  in  order  that  the  methenamine  may  be  effective.  The 
most  suitable  substance  to  use  for  this  latter  purpose  is 
ammonium  chloride,  which  may  be  given  in  a  dosage  about 
equaling  that  of  the  methenamine.  ^Methenamine  adminis¬ 
tration,  especially  in  the  acute  stages  of  pyelitis,  may  cause 
temporary  hematuria.  In  case  hematuria  develops,  the 
drug  administration  should  be  discontinued.  It  may  be 
necessary  to  continue  methenamine  treatment  for  long 
periods  before  the  urine  becomes  free  from  ims.  During 
the  period  of  methenamine  administration,  fluids  should  be 
restricted.  In  the  presence  of  anhydremia  with  acidosis, 
methenamine  administration  should  not  be  attempted  as 
acid  should  not  be  administered  nor  should  fluids  be  re¬ 
stricted. 

By  means  of  these  various  methods  of  treatment  the 
urine  can  be  made  sterile  and  free  from  pus  in  nearly  all 
instances.  In  some  cases  pyuria  recurs,  sometimes  re¬ 
peatedly.  Recurrences  may  be  associated  with  infections 
elsewhere  in  the  body,  as  in  the  adenoids  and  tonsils. 
When  such  infections  are  present,  they  should  be  treated 
appropriately.  Recurrences  also  may  be  associated  with 
obstruction,  usually  from  anatomical  anomalies.  In  all 
instances  of  recurring  pyuria  special  studies  should  be 
made  of  the  urinary  tract.  Urograms  may  be  made  after 
intravenous  administration  of  certain  substances  which  are 
excreted  in  concentration  by  the  kidneys  and  which  are 
opaque  to  x-rays.  If  this  procedure  gives  unsatisfactory 
results,  retrograde  pyelograms  are  indicated.  After  cyst¬ 
oscopy,  opaque  material  is  passed  into  the  kidney  pelvis 
by  way  of  a  ureteral  catheter.  It  is  important  that  ob- 
sti  action  be  relieved  and  anomalies  be  corrected  in  so  far 
as  is  possible. 
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Tuberculosis 

Tuo  possible  sources  of  tuberculosis  commonly  exist  for 
the  infant.  One  source  is  the  human  beings  in  his  immedi¬ 
ate  environment,  and  the  other  is  the  cow’s  milk  with  which 
he  is  fed.  In  this  country,  tuberculosis  acquired  from  the 
milk  supply  is  relatively  infrequent,  because  of  the  exclu¬ 
sion  of  tuberculous  cattle  from  dairy  herds  and  because 
of  pasteurization  of  the  milk  supply.  If  the  milk  for  infant 
feeding  is  boiled,  as  is  recommended,  transmission  of  tu¬ 
berculosis  by  way  of  the  milk  becomes  impossible. 

Eegardless  of  the  incidence  of  tuberculosis  among  the 
population  of  any  community,  it  is  high  in  any  family  in 
which  the  disease  exists  in  an  active  stage  in  any  member. 
The  infant  needs  protection  from  this  source,  chiefly.  An 
infant  born  to  a  tuberculous  mother  should  not  be  per¬ 
mitted  to  have  contact  with  the  mother  at  any  time  after 
birth.  If  tuberculosis  exists  in  a  family,  some  means  must 
be  devised  to  prevent  contact  of  the  baby  with  the  infected 
member.  If  the  social  and  economic  circumstances  are 
such  that  the  baby  cannot  be  cai-ed  for  away  from  the  in¬ 
fected  person,  efforts  should  be  made  to  teach  the  infected 
member  how  to  avoid  the  s])read  of  his  infection.  Pre¬ 
vention  is  by  far  the  most  important  aspect  of  the  control 
of  tuberculosis. 

Should  the  baby  acquire  tuberculosis,  the  infection  may 
or  may  not  affect  his  nutrition  adversely.  The  effect  on  his 
nutrition  and  on  his  general  health  depends  largely  on  the 
extent  and  severity  of  his  infection.  A  strong  tendency  to 
recovery  from  the  first  infection  in  tuberculosis  exists.  Ke- 
covery  is  more  difficult  in  instances  of  massive  infection. 
Massive  infection  is  more  likely  with  continued  or  repeated 
exposure  to  some  member  of  the  family  group  with  active 
disease.  Removal  of  the  l)aby  from  a  tuberculous  environ¬ 
ment  is  the  first  step  not  only  in  the  prevention  of  this  dis¬ 
ease,  but  also  in  its  treatment. 
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It  is  not  appropriate  to  tl.ink  of  all  babies  with  tubercu¬ 
losis  as  being  malnourished.  The  infection  may  exist  with¬ 
out  any  discernible  effect  on  the  health  and  well-being  o 
the  infant.  In  these  instances  the  disease  may  be  detecte 
often  only  by  a  most  careful  examination.  No  nutritional 
precautions  need  be  taken  other  than  should  be  taken  for 
all  babies.  The  diet  should  be  ample  and  complete. 

AVith  massive  infection  and  extensive  disease,  malnutri¬ 
tion  is  an  expected  result.  In  these  circumstances  mal¬ 
nutrition  may  persist  until  the  infant  starts  to  lecuvei, 
despite  all  efforts  to  improve  the  nutritional  status.  No 
attempt  at  stuffing  with  food  is  indicated ;  instead,  the 
prescribed  diet  should  be  much  the  same  as  would  be  given 
during  health.  Some  loss  of  appetite  may  interfere  with 
ingestion  of  part  of  the  food  offered.  Gastrointestinal 
symptoms,  such  as  vomiting  and  diarrhea,  are  not  ordi¬ 
narily  a  part  of  the  illness. 

Syphilis 

Congenital  syphilis  has  been  reputed  to  be  a  cause  of 
marked  malnutrition.  However,  malnutrition  occurs  much 
less  frequently  in  association  with  infantile  syphilis  than 
was  formerly  the  case.  This  change  in  relationship  is  due 
in  part  to  improvements  in  artificial  feeding  and  in  part 
to  earlier  recognition,  by  means  of  serological  tests,  of  the 
presence  of  infection  in  the  baby,  and  to  more  efficient 
antisyphilitic  therapy. 

All  but  a  very  few  syphilitic  babies  are  free  from  external 
evidence  of  their  infection  at  birth  and  in  the  first  few 
weeks  after  birth.  During  this  period  the  nutrition  usually 
is  unimpaired  and  the  babies  appear  entirely  normal.  If 
antisyphilitic  treatment  is  begun  as  soon  as  the  diagnosis 
of  syphilis  can  be  made,  and  if  the  treatment  is  carried 
out  properly  and  effectively,  no  impairment  of  nutrition 
is  to  be  expected  and  growth  will  proceed  in  a  normal  man¬ 
ner. 
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On  the  other  hand,  if  the  presence  of  the  infection  has 
been  overlooked  and  if  at  the  same  time  the  infection  is 
relatively  severe,  the  nutrition  is  likely  to  suffer  until  such 
time  as  the  activity  of  the  infection  can  be  brought  under 
control  by  treatment.  Mild  infections,  even  if  neglected 
foi  a  time,  usually  do  not  impair  the  nutrition  greatly. 
Kven  when  the  infection  is  extensive,  the  health  and  nutri¬ 
tion  aie  affected  only  until  the  routine  course  of  therapy 
IS  well  established  and  external  evidence  of  the  disease  is 
no  longer  manifest.  The  critical  period  for  the  syphilitic 
infant  is  during  the  first  few  weeks  of  manifest  disease  and 
during  the  period  when  therapy  is  being  started.  It  is 
during  this  period  that  death  of  the  infant  is  most  likely 
to  occur.  Mortality  among  syphilitic  babies  still  is  high, 
usually  approximating  20  per  cent.  The  mortality  would 
be  low,  were  all  syphilitic  babies  treated  at  the  earliest 
period  that  recognition  of  the  presence  of  the  infection 
is  possible.  It  is  chiefly  in  instances  of  neglected  infec¬ 
tions,  and  in  those  diagnosed  after  much  damage  has  been 
done,  that  deaths  occur. 

'When  the  infection  is  severe  and  extensive,  death  mav 
occur  as  a  direct  result  of  the  damage  caused  by  the  infec¬ 
tion.  By  means  of  modern  antisyphilitic  remedies  a  large 
proportion  of  the  spirochetes  may  be  destroyed  promptly, 
but,  unfortunately,  if  penicillin  or  one  of  the  arsenical  anti¬ 
syphilitic  drugs  is  given  in  anything  like  a  full  dose  to  a 
baby  with  extensive  syphilitic  infection,  the  baby  is  likely 
to  die  shortly  afterward  as  a  direct  result  of  the  treatment. 
Consequently,  in  the  treatment  of  severely  infected  babies 
a  middle  course  must  be  steered  between  death  by  the  dis¬ 
ease  and  death  by  treatment.  Any  penicillin  or  arsenical 
medication  should  be  preceded  by  treatment  with  mercury 
or  bismuth,  ^tercury  is  somewhat  preferable  because  it 
is  less  spirocheticidal  than  bismuth,  and  damage  cannot  be 
done  by  customary  therapeutic  dosage.  Gray  powder 
(mercury  with  chalk)  is  a  useful  preparation  and  can  lie 
given  in  a  dosage  of  one-fifth  or  one-fourth  grain  (12-15 
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mo-.)  twice  daily,  increased  to  tliree  times  daily.  If  bis¬ 
muth  is  chosen  as  the  first  drug  to  use,  it  can  be  given  as 
the  salicylate  in  oil  intramuscularly  at  three-day  intervals 
in  a  dose  of  2  mg.  for  each  kilogram.  After  a  week  or  ten 
days  of  treatment  with  mercury  or  bismuth,  regression 
can  be  observed  in  the  visible  lesions,  and  the  chosen  arsen¬ 
ical  drug  can  then  be  given  tentatively  in  a  fractional  dose ; 
the  dose  should  not  be  more  than  one-fourth  the  full  cal¬ 
culated  dose.  A  second  dose  may  be  given  two  or  three 
days  after  the  first,  in  the  amount  of  one-half  the  full  dose. 
The  dosage  is  gradually  increased  in  this  mannei  until  the 
full  amount  is  given  at  an  injection.  Treatment  with  mei- 
cury  or  bismuth  is  continued  throughout  the  first  iieriod  of 
arsenical  treatment.  By  the  time  full-sized  doses  of  the 
arsenical  preparation  are  being  given,  the  baby  is  ready 
to  be  established  on  whatever  antisyphilitic  treatment  regi¬ 
men  may  be  chosen.  Penicillin  is  a  most  useful  remedy. 
If  it  is  to  be  used,  it  should  be  given  concomitantly  with 
the  arsenical  preparation  after  the  preliminary  course  of 
arsenic  and  heavy  metal.  Penicillin  treatment  is  not  yet 
sufficiently  satisfactory  to  warrant  its  use  alone,  because 
of  relapses  in  a  considerable  proportion  of  cases. 

During  the  critical  period  of  treatment  of  the  syphilitic 
infant  the  state  of  nutrition  is  an  important  index  of  prog¬ 
ress.  If  the  infection  is  not  being  brought  under  control 


satisfactorily,  or  if  the  treatment  is  too  intensive,  the  baby 
is  likely  to  lose  weight.  Continued  gain  in  Aveight  during 
this  period  is  an  excellent  criterion  of  progress.  In  order 
that  the  baby  may  gain  satisfactorily,  it  is  important  that 
the  feeding  as  well  as  the  antisyphilitic  treatment  be  man¬ 
aged  properly.  Because  this  critical  period  occurs  chiefly 
in  the  first  three  months,  it  is  usually  possible  for  the 
mother  to  feed  the  baby  at  the  breast.  Human  milk,  if  it  is 
obtainable,  is  highly  desirable  during  this  period. 

After  babies  have  been  established  successfully  on  a 
legimen  of  antisy])hilitic  treatment,  no  reason  ordinarily 
exists  why  they  should  not  make  the  same  nutritional  and 


410 


INFANT  NUTRITION 


growth  progress  as  normal  nonsyphilitic  infants.  The  nu¬ 
tritional  requirements  are  the  same  in  the  two  instances, 
and  the  infection  is  held  to  a  wholly  inactive  state  by  the 
continued  therapy. 

No  conti aindication  exists  to  the  feeding  of  a  congenitally 
syphilitic  infant  at  the  breast  of  its  own  mother.  The 
mother  also  is  syphilitic,  even  though  she  shows  no  evidence 
of  the  disease ;  otherwise  the  infection  could  not  have  been 
tiansmitted  to  the  infant.  The  mother  cannot  be  reinfected 
by  her  infant.  In  the  rare  instances  in  which  the  baby 
acquires  syphilis  after  birth  and  in  which  the  mother  has 
not  been  the  source  of  the  baby’s  infection,  the  infection 
is  communicable  to  the  mother  through  suckling  the  breast. 

From  the  preceding  discussion  it  is  apparent  that  early 
diagnosis  of  syphilis  in  the  infant  is  important.  Serolog¬ 
ical  tests  with  the  blood  of  the  mother,  before  or  at  the 
time  of  parturition,  are  increasingly  customary.  If  the 
mother  is  shown  by  this  means  to  have  syphilis,  the  possi¬ 
bility  of  syphilis  in  the  baby  exists.  Not  all  syphilitic  moth¬ 
ers  transmit  the  infection  to  their  infants.  The  withhold¬ 
ing  of  treatment  is  desirable  in  the  case  of  an  infant  born 
to  a  syphilitic  mother,  until  the  diagnosis  of  syphilis  can 
be  established  definitely  in  the  baby.  Close  clinical  and 
serological  observation  of  the  suspected  baby  is  necessary 
during  the  first  two  months,  or  until  the  diagnosis  of  syph¬ 
ilis  is  made  or  excluded. 


CHAPTER  XXIX 

rickets 

Rickets  is  a  disorder  of  nutrition  characterized  by  im¬ 
pairment  of  utilization  of  calcium  and  phosphorus,  of  which  • 
the  outstanding  manifestation  is  poor  mineralization  of 
bone,  witli  defective  bone  growth  and  often  with  abnormal 
changes  in  the  shape  of  the  bones.  Changes  of  lessei  im¬ 
portance  occur  also  in  the  body  musculature.  I  hough  im¬ 
pairment  of  calcium  and  phosphorus  utilization  may  have 
several  causes,  the  factor  responsible  almost  exclusively 
for  the  production  of  rickets  in  the  full-term  infant  is 
deficiency  of  vitamin  D,  or  of  ultraviolet  energy  that  ])ro- 
duces  vitamin  D  in  the  body  by  the  activation  of  7-dehy- 
drocholesterol  in  the  skin.  In  the  case  of  infants  born  pre¬ 
maturely,  however,  deficiency  of  calcium  and  xihosphorus 
is  important  also  as  a  cause  of  rickets. 

Etiology 

Vitamin  D  is  present  in  the  diet  of  the  infant  in  only 
negligible  amounts  unless  s^iecial  thought  is  given  to  its 
inclusion.  In  those  instances  in  which  it  is  not  added  to  the 
diet  intentionally,  the  infant  is  dependent  for  i^rotection 
against  rickets  chiefly  on  exj^osure  to  sunshine.  For  this 
reason  rickets  is  a  disease  chiefly  of  the  temj^erate  zones, 
where  climatic  conditions  prevent  exposure  to  sunshine 
for  long  periods.  The  incidence  of  rickets  is  seasonal,  the 
greatest  frequency  being  observed  in  the  sj^ring,  usually  in 
March  in  the  north  temperate  zone.  Rickets  is  unusual 
in  the  trox)ics  and  occurs  there  only  in  instances  in  which 
the  baby  is  kept  closely  housed.  In  the  temperate  zone  the 
disease  is  observed  more  frequently  in  dark-skinned  races. 
It  occurs  uncommonly  among  these  races  in  their  original 
native  habitat  because  of  the  relatively  large  amount  of 
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siinsliine  available ;  it  becomes  coiimion  when  these  peoples 
liave  migrated  to  regions  with  colder  winters  where  less 
exposure  to  sunshine  prevails.  In  these  races  the  pigment 
of  the  skin  obstructs  the  passage  of  the  ultraviolet  rays  and 
a  more  intense  exposure  is  necessary  than  for  those  with- 
out  pigmented  skin.  In  the  frigid  zones  the  customary  diet 
^  of  the  natives  includes  fish  and  animal  fats  that  supply 
adecpiate  vitamin  D.  In  these  regions  also,  babies  are  more 
likely  to  be  breast-fed,  a  procedure  offering  a  considerable 
degree  of  protection  against  rickets. 

Ultraviolet  “light”  has  wave  lengths  shorter  than  does- 
visible  light.  The  zone  in  the  ultraviolet  spectrum  that  is 
chiefly  effective  against  rickets  is  that  portion  with  wave 
lengths  from  230  to  310  millimicrons.  Sunshine  as  it 
reaches  the  earth’s  surface  under  most  favorable  condi¬ 
tions  contains  waves  usually  no  shorter  than  290  milli¬ 
microns.  The  most  favorable  conditions  exist  when  the  sun 
is  overhead  and  the  air  is  free  from  fog,  dust  and  clouds. 
The  shorter  the  wave  length,  the  more  certainly  are  the 
ultraviolet  rays  filtered  out  by  the  air  and  the  material 
floating  in  it.  The  greater  the  inclination  of  the  sun,  as  at 
rising  or  setting,  the  less  do  the  ultraviolet  rays  of  the 
shorter  wave  lengths  reach  the  earth.  “Skyshine,”  or  the 
light  reflected  from  the  sky,  clouds  or  other  light  surfaces, 
is  from  one-half  to  two-thirds  as  effective  in  rickets  pre¬ 
vention  as  direct  sunshine.  Thus  it  is  apparent  that  sun¬ 
shine  is  not  effective  as  an  antirachitic  agent  at  all  times 
and  that  the  range  of  effective  wave  lengtlis  reaching  the 
earth  from  the  sun  is  at  best  a  narrow  one.  Furthermore, 
the  usual  window  glass  does  not  permit  waves  as  short  as 
310  millimicrons  to  pass.  Transparent  materials  that  per¬ 
mit  passage  of  ultraviolet  rays  have  been  devised  to  re¬ 
place  window  glass,  but  in  general  tlie  benefits  derived  are 
not  commensurate  with  the  expense.  Ultraviolet  rays  with 
wave  lengths  shorter  than  those  received  from  the  sun  aie 
available  only  from  artificial  sources,  such  as  a  carbon 
arc  light  or  a  mercury  vapor  quartz  lamp. 
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Babies  subsisting  on  liuman  milk  have  rickets  less  fre¬ 
quently  than  those  artificially  fed.  The  difference  between 
these  two  groups  is  not  one  of  difference  in  the  amoun  s 
of  vitamin  I)  present  naturally  in  the  milks,  but  probably 
chiefly  one  of  the  ratio  of  calcium  to  phosphorus  m  the  two 
milks,  the  ratio  being  more  favorable  for  utilization  in 
human  milk.  Perhaps  also  the  more  acid  reaction  of  the 
content  of  the  lower  intestinal  tract  of  the  breast-fed  baby 
is  an  aid  to  absorption  of  calcium  and  phosphorus.  Even 
though  this  difference  exists  between  the  results  of  these 
two  types  of  food,  it  is  only  one  of  degree.  The  bi  east- 
fed  baby  is  not  as  efficient  in  utilizing  calcium  and  phos¬ 
phorus  without  vitamin  J)  as  with  it,  and  severe  rickets 
sometimes  is  observed  in  breast-fed  infants. 

For  artificially  fed  babies  the  development  of  rickets  or 


its  prevention  has  no  relationship  to  the  kind  of  processing 
the  milk  may  have  had.  Rickets  is  observed  as  frequently 
in  infants  fed  raw  milk  as  in  those  fed  pasteurized,  boiled, 
evaporated,  or  dried  milk.  Before  vitamin  D  was  given 
customarily  to  well  infants,  rickets  was  observed  more  fre¬ 
quently  in  babies  fed  sweetened  condensed  milk  than  when 
better  proportioned  formulas  were  given.  Such  an  effect 
presumably  was  dependent  on  the  smaller  milk  intake  cus¬ 
tomary  with  this  type  of  feeding. 

Other  dietary  factors  in  the  production  of  rickets  have 
been  mentioned  in  the  literature,  but  they  seem  of  little 
practical  importance  for  the  infant.  Although  rickets  may 
be  produced  experimentally  in  animals  by  feeding  diets 
deficient  in  either  calcium  or  phosphorus,  mineral  deficiency 
in  the  diet  is  rarely  the  cause  of  infantile  rickets,  except 
possibly  at  times  in  the  case  of  pi-ematurely  born  infants. 
Human  milk,  wlien  taken  ])y  the  full-term  baby  in  sufficient 
amounts  to  supply  the  fuel  needs,  also  provides  sufficient 
calcium  and  phosphorus.  Cow’s  milk  contains  from  three 
to  four  times  as  much  calcium  and  from  seven  to  eight 
times  as  much  phosphorus  as  human  milk,  and  even  when 
dduted  provides  an  abundance  of  these  elements 
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In  CGI  tain  iGstrictGcl  circnnistances  cereals  have  a  rachi- 
togenic  effect.  This  effect  is  of  no  importance  in  infant 
feeding,  but  it  may  become  important  in  a  child  population 
fed  large  amounts  of  ])orridge  and  insufficient  amounts  of 
milk.  It  is  important  also  in  assays  of  vitamin  D  in  which 
the  rat  is  the  test  animal.  The  rachitogenic  effect  of 
cereals  is  due  to  their  content  of  phytic  acid  (inositol  hexa- 
phosphoric  acid)  or  its  sodium  salt. 

The  diet  most  commonly  used  for  producing  rickets  in 
rats  for  assay  purposes  is  one  relatively  high  in  calcium 
and  low  in  phosphorus.  Much  of  the  phosphorus  of  the 
diet  is  present  as  phytate.  The  phosphorus  of  phytate  is 
not  available  to  the  rat  without  vitamin  D  and  rats  develop 
rickets  because  of  inadequate  phosphorus.  This  type  of 
rachitogenic  effect  is  not  possible  in  an  infant  receiving 
a  customary  diet  because  of  the  relatively  large  amount 
of  phosphorus  easily  available  from  the  milk.  He  does 
not  depend  on  cereal  for  phosphorus. 

Phytic  acid  combines  with  calcium  to  form  an  insoluble 
and  unutilizable  compound.  Thus  the  phytic  acid  of 
cereals  makes  unavailable  for  absorption  some  of  the  cal¬ 
cium  of  the  diet.  If  a  large  amount  of  cereal  and  only  a 
small  amount  of  milk  were  fed,  rickets  might  result  from 
inadequate  calcium.  Cereals  in  the  form  of  bread  are  less 
rachitogenic  than  cereals  as  porridge.  During  the  rising 
of  bread  dough  the  enzyme  phytase  both  of  wheat  and  of 
yeast  hydrolizes  most  of  the  phytate  and  destroys  it.  In 
the  preparation  of  porridge,  heat  destroys  phytase 
promptly  and  the  phytate  content  remains  high.  If  the 
amount  of  milk  served  with  the  porridge  is  ample  to  x^ro- 
vide  for  neutralization  of  phytic  acid  and  in  addition  to 
permit  sufficient  absoriition  of  calcium,  no  rachitogenic 
effect  can  occur.  The  relative  amounts  of  milk  and  cereal 
in  customary  diets  for  infants  are  such  that  no  rachitogenic 
effect  is  to  be  expected. 

In  general,  the  diet  of  the  mother  during  pregnancy 
should  have  little  relationship  to  the  development  of  rickets 
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in  the  infant,  though  it  may  have  an  effect  in  those  in¬ 
stances  in  which  the  fault  in  the  mother’s  diet  is 
The  fetus  tends  to  get  its  share  of  calcium  even  thou 
it  does  so  at  the  expense  of  the  mother  s  stores.  ^ 
instances  of  congenital  rickets  have  been  reported  but 
these  have  been  of  babies  whose  mothers  had  osteomalacia. 
In  any  usual  circumstances  a  baby  well  fed  after  birth 
and  receiving  vitamin  D  from  an  early  age  will  not  develop 
rickets,  regardless  of  the  mother’s  diet  during  pregnancy. 

The  changes  characteristic  of  rickets  cannot  occur  unless 
growth  is  proceeding  actively.  Also,  the  more  rapid  the 
growth  of  bone,  the  more  easily  do  rachitic  changes  take 
place.  When  calcium  and  phosphorus  utilization  is  altered 
in  the  adult  in  a  manner  similar  to  that  which  produces 
rickets  in  the  infant,  the  disease  resulting  is  known  as 
osteomalacia.  Rickets  does  not  occur  in  babies  who 
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malnourished  to  the  extent  that  the  growth  rate  is  retarded. 
Unless  precautions  are  taken  by  administering  adequate 
vitamin  D,  rickets  may  occur  as  a  result  of  any  procedure 
that  causes  a  rapid  increase  in  growth.  Thus,  rapid  re¬ 
covery  from  malnutrition  may  be  associated  with  rickets. 
The  administration  of  thyroid  to  an  infant  whose  growth 
has  been  retarded  as  a  result  of  hypothyroidism  is  likely  to 
cause  a  rapid  increase  in  growth  with  attendant  rachitic 
changes.  A  baby  born  prematurely  is  more  susceptible  to 
rickets  than  a  baby  born  at  term  for  two  reasons.  The 
growth  of  the  prematurely  born  baby  is  relatively  more 
rapid ;  also  he  is  handicapped  by  a  relatively  great  demand 
for  calcium  and  phosphorus  for  the  formation  of  new  bone 


and  at  the  same  time  by  a  limited  capacity  for  ingesting 
that  which  is  needed.  Twin  babies  often  are  affected  in  the 
same  manner  as  are  babies  born  prematurely,  since  usually 
they  are  smaller  than  the  average  baby  born  at  term  and 
are  expected  to  grow  more  rapidly. 

Since  rate  of  growth  is  an  important  factor  in  the  pro¬ 
duction  of  rickets,  this  disease  occurs  as  a  result  of  vitamin 
D  deficiency  only  at  those  ages  at  which  growth  is  most 
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rapid.^  Eickets  of  noteworthy  degree  seldom  develops  be¬ 
fore  six  months  of  age,  even  though  growth  is  rapid.  It  is 
observed  with  greatest  frequency  between  the  ages  of  6  and 
18  months,  after  which  time  the  incidence  declines.  An¬ 
other  period  of  rapid  growth  occurs  at  the  time  of  puberty. 
Rickets  at  this  age  probably  is  nonexistent  in  the  United 
States,  but  it  has  been  reported  for  girls  in  India  who  have 
been  kept  closely  housed  because  of  the  purdah  system. 

The  frequency  of  rickets  among  babies  is  difficult  to  de¬ 
termine  with  accuracy.  Prior  to  the  time  {circa  1920)  when 
the  administration  of  vitamin  D  to  babies  began  to  be 
routine  as  a  preventive  measure,  the  prevalence  of  rickets 
was  marked.  The  knowledge  that  vitamin  D  is  necessary 
for  the  infant  gradually  spread  until  now  few  mothers  and 
no  physicians  are  unaware  of  this  need,  and  in  a  high  pro¬ 
portion  of  instances  something  has  been  done  about  satisfy¬ 
ing  it.  Rickets  still  is  found  with  some  frequency  in  some 
of  our  larger  cities,  especially  among  the  dark-skinned 
races,  but  it  has  almost  disappeared  in  the  country  as  a 
whole.  At  many  medical  schools  the  finding  of  babies  with 
rickets  to  use  as  examples  in  teaching  has  become  difficult. 
Estimates  of  incidence  as  they  appear  in  the  literature  must 
be  accepted  with  caution  because  of  the  extreme  delicacy 
of  the  criteria  sometimes  used  in  making  diagnostic  sur¬ 
veys.  An  estimate  made  in  New  York  City  early  in  the 
1930 ’s  indicated  that  approximately  15  per  cent  of  babies 
chosen  at  random  from  a  low  economic  level  had  rickets  of 
a  clinically  significant  degree. 

In  this  country  rickets  from  deficiency  of  vitamin  D 
occurs  only  in  the  first  two  or  three  years  of  life.  Rickets 
from  other  causes  occurs  chiefly  after  this  age  period. 
These  two  groups  sometimes  are  distinguished  by  the 
designations  infantile  rickets  and  late  rickets.  It  is  rare 
to  find  the  late  type  of  rickets  occurring  in  infancy.  Rickets 
at  any  age  is  caused  by  a  disturbance  of  calcium  and  phos¬ 
phorus  metabolism.  In  late  rickets  this  disturbance  is  most 
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often  brought  about  by  a  deficiency  of  utilization  of  vitamin 
D  or  by  an  altered  acid-base  equilibrium  with  the  produc¬ 
tion  of  chronic  low-grade  acidosis.  Rickets  caused  by  de¬ 
ficiency  of  utilization  of  absorbed  vitamin  1)  is  often  called 
“resistant  rickets.”  The  clinical  and  lilood  pictures  are 
similar  to  tliose  of  infantile  rickets  except  tliat  excessive 
amounts  of  vitamin  i),  often  several  hundied  thousand 
units  daily,  are  needed  for  cure.  A  child  with  chronic  low- 
grade  acidosis  often  develops  rickets.  The  acidosis  inter¬ 
feres  with  the  deposition  of  mineral  in  bone.  The  bone 
changes,  as  seen  radiographically,  are  identical  with  those 
of  infantile  rickets  produced  liy  vitamin  D  deficiency.  Any 
one  of  several  causes  may  produce  chronic  acidosis,  but 
the  common  one  is  kidney  dysfunction  of  a  mild  type  not 
easily  detectalile  by  the  usual  routine  examination.  AVhen 
more  obvious  chronic  nephritis  is  present,  phosphate  re¬ 
tention  may  become  an  additional  factor  in  interfering  with 
calcium  deposition  in  bone.  This  condition  of  “renal 
rickets”  is  observed  chiefly  during  middle  childhood,  but 
it  may  occur  in  late  infancy  when  congenital  malforma¬ 
tions  of  the  kidney  are  present.  Children  with  uncontrolled 
celiac  disease  occasionally  have  the  bone  changes  of  rickets ; 
in  this  condition  the  failure  of  mineralization  of  bone  pre¬ 
sumably  is  dependent  on  impairment  of  absorption  from 
the  intestinal  tract. 

Rickets  is  not  ordinarily  associated  with  disturbances  of 
any  of  the  endocrine  glands.  Changes  indistinguishal)le 
from  rickets  occasionally  are  oliserved  in  association  with 
dysfunction  of  the  parathyroid  glands.  Parathyroid  in¬ 
sufficiency  leads  to  a  low  calcium  content  of  the  blood,  to 
tetany  and  to  defective  bone  mineralization. 

Pathogenesis  and  Pathology 

The  most  characteristic  manifestation  of  rickets  is  fail¬ 
ure  of  calcification  of  the  growing  portion  of  bones,  a  dis¬ 
turbance  most  easily  demonstrated  radiographically  in  the 
metaphyses  of  the  long  bones.  Under  normal  conditions 
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Fiff  12— Sections  of  normal  {A)  and  rachitic  {B  and  C)  ribs.  Note 
rpo'uhfr  line  of  calcification  at  the  costochondral  junction  in  the  normal  i 
Tnd  the  irregular  Une  in  the  rachitic  ribs.  The  softened  rachitic  ribs  show 
bending  inward  as  the  result  of  external  air  pressure. 
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of  growth  the  long  bones  increase  in  length  by  the  produc¬ 
tion  of  an  organic  matrix  or  osteoid  tissue.  This  matrix  is 
promptly  filled  with  a  deposit  consisting  chiefly  of  calcium 
phosphate  with  small  amounts  of  calcium  carbonate;  the 
calcification  occurs  so  promptly  that  at  any  one  time  onU 
a  thin  layer  of  uncalcified  osteoid  tissue  is  to  be  found. 
As  growth  proceeds  further,  that  part  of  the  moie  oi  less 
solidly  calcified  osteoid  tissue  lying  nearest  the  shaft  of 
the  bone  becomes  transformed  into  cancellous  bone  in  the 
interior  and  normal  supporting  bone  on  the  exterior.  A\ith 
the  failure  of  calcification  characteristic  of  rickets  the 
newly  formed  osteoid  tissue  becomes  mineralized  inade¬ 
quately  and  irregularly.  AVhen  the  rickets  has  been  of 
considerable  duration,  tlie  amount  of  uncalcified  osteoid 
substance  is  relatively  large;  having  no  solid  support  it 
tends  to  “mushroom,’’  causing  enlargement  at  the  ends 
of  the  bones.  The  enlargement  often  is  such  that  it  is  easily 
detectable  on  inspection  and  palpation.  The  mushrooming 
of  the  osteoid  tissue  usually  is  not  apparent  in  the  roent¬ 
genogram  because  little  or  no  shadow  is  cast  by  thi^  or¬ 
ganic  tissue.  Eadiographs  show  the  irregularity  of  calci¬ 
fication  and  the  flaring  or  widening  of  the  end  of  the  calci¬ 
fied  portion  of  the  bone;  usually  also  “cupping”  is  mani¬ 
fest,  produced  by  a  lessened  amount  of  calcification  at  the 
center  as  compared  with  the  ])eriphery.  (Figs.  12,  13,  14, 
15.)  Though  the  growing  portion  of  bone  is  affected  in 
the  most  striking  manner,  the  remainder  of  the  bone  also 
shows  the  effect  of  insufficient  available  mineral ;  rarefac¬ 
tion  may  be  observed  when  the  radiograph  is  compared 
V  ith  one  of  normal  bone.  Such  bones  are  easily  deformed 
by  the  stresses  of  weight-bearing  or  even  by  the  force 
exerted  by  the  musculature.  Fractures  may  occur  (Fig. 
16).  Centers  of  ossification  that  should  make  their  appear¬ 
ance  in  the  roentgenogram  do  not  become  mineralized  and 
their  radiographic  appearance  is  delayed.  This  phenom¬ 
enon  IS  most  easily  observed  in  the  epiphyses  and  in  the 
carpal  bones.  (Figs.  13,  15.) 


Fiffs.  13.-Rickets.  Irregular  line  of  calcification  at  lower  en<l  of  radius,  with 
“  cuplike  contour. 
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Pig.  14.-Eicl.ets.  I-egular  calcification  at  bones  with  Jistortion. 
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Fig.  15. — Severe  rickets.  Karefaction  of  bones.  Incomplete  ossification  of 

epiphyseal  centers. 
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The  failure  to  deposit  calcium  salts  m  the  bones  is  no 
attributable  to  lack  of  calcium  in  the  circulating  blood,  tor 
except  in  certain  rare  forms  of  rickets  the  blood  calcium 
content  is  within  the  normal  range,  though  usually  at  the 
lower  limit  of  normal.  On  the  other  hand,  the  phosphate 
content  of  the  serum  is  markedly  diminished.  The  normal 
amount  of  inorganic  phosphate  in  the  serum  of  infants, 
expressed  in  terms  of  phosphorus,  is  from  5  to  7  mg.  foi 
each  100  ml.  In  active  rickets  the  amount  of  phosphorus 
may  be  as  low  as  1  or  2  mg.  for  each  100  ml.  of  seium. 
The  ester  phosphorus  of  red  blood  cells  is  also  markedly 
lowered  in  active  rickets.  The  low  phosphate  content  of 
the  blood  is  not  the  result  of  deficiency  of  phosphorus  in 


the  diet,  nor  may  the  amount  be  raised  appreciably  by  the 
administration  of  extra  phosphate.  The  administration 
of  vitamin  J)  or  the  exposure  of  the  body  to  sunshine  or  to 
artificial  sources  of  ultraviolet  rays  is  followed  by  a  rise 
of  the  corpuscle  ester  phosphorus  and  of  the  inorganic 
phosphorus  of  the  blood  plasma,  and  by  healing  of  the 
rachitic  process.  When  the  healing  process  is  continuous, 
no  marked  change  occurs  in  the  calcium  content  of  the 
blood,  but  retention  of  larger  amounts  of  calcium  from 
the  food  occurs.  The  increased  amount  of  calcium  and 
most  of  the  increased  amount  of  phosphorus  retained  from 
the  food  are  deposited  in  the  bones. 

Considering  9  mg.  of  calcium  and  5  mg.  of  phosphorus 
for  each  100  ml.  of  serum  as  the  lowest  limit  of  normal 
values,  and  multiplying  one  of  these  values  by  the  other, 
the  resulting  product  is  45.  The  observation  has  been  made 
that  when  this  product  is  more  than  40,  rickets  either  is  not 
present  or  is  healing.  Products  below  30  are  indicative 
of  active  rickets. 


Phosphatase  is  an  enzyme  that  exists  normally  in  the 
blood.  It  is  measured  in  terms  of  arbitrary  units.  The 
amount  of  phosphatase  is  increased  in  rickets,  sometimes 
to  a  marked  degree.  Phosphatase  determinations  are  of 
considerable  assistance  in  estimating  the  relative  activitv 
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of  lickets.  Values  of  less  than  15  Bodansky  units  for  each 
100  ml.  of  serum  indicate  that  active  rickets  is  not  present. 
When  lickets  is  active,  values  as  high  as  60  units  or  more 
may  be  observed. 

Although  the  most  easily  demonstrable  changes  in  rickets 
occur  in  the  bones,  rickets  is  not  merely  a  disease  of  the 
bones  but  a  general  disease  affecting  other  parts  of  the 
body  as  well.  The  muscles  throughout  the  body  are  soft, 
flaliby,  and  atonic,  and  may  show  slight  microscopic  changes 
at  necropsy.  The  smooth  musculature  of  the  intestinal 
tract  also  is  hypotonic.  The  ligaments  are  lax.  A  ca¬ 
tarrhal  condition  of  the  mucous  membranes  of  the  respira¬ 
tory  and  gastrointestinal  tracts  is  commonly  observed,  but 
it  is  not  certain  that  this  condition  depends  primarily  on 
the  presence  of  rickets.  In  a  fair  proportion  of  cases  of 
rickets  the  spleen  is  palpable;  the  enlargement  may  be 
extreme  when  a  severe  degree  of  anemia  is  associated  with 
the  rickets.  The  changes  in  the  spleen  are  those  of  simple 
liyperplasia.  The  tonsils,  adenoids,  and  cervical  hunph 
glands  frecpiently  are  enlarged,  but  this  enlargement  prob¬ 
ably  is  due  not  so  much  to  rickets  as  to  the  chronic  infec¬ 
tions  to  which  rachitic  infants  are  susceptible.  The  bone 
marrow  often  shows  some  degree  of  atrophy,  Avith  a  de¬ 
ficiency  of  the  cellular  components.  Secondary  anemia 
usually  accompanies  the  bone  marrow  changes.  Whether 
the  bone  marrow  changes  and  the  anemia  are  definitely  a 
part  of  rickets  is  not  clear;  it  is  possible  that  coexisting 
deficiencies,  such  as  of  iron,  are  responsible  at  least  in 
part.  In  some  cases  the  anemia  is  severe  and  is  asso¬ 
ciated  with  lymphocytosis  and  marked  splenic  enlargement 
and  corresponds  closely  to  the  von  Jaksch’s  type  of  pseu¬ 
doleukemic  anemia  or  splenic  anemia. 

Symptoms 

The  most  characteristic  symptoms  of  rickets  are  refer¬ 
able  to  the  bone  changes.  The  bones  throughout  the  body 
are  not  always  affected  to  an  equal  degree;  in  some  m- 
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faiits  the  most  marked  changes  are  in  the  cranium,  in 
others,  in  the  extremities  or  tliorax. 

In  cases  of  fairly  marked  rickets  the  liead  ai)pears  large, 
due  chiefly  to  the  development  of  thickened  areas  or  bosses 
in  the  temporal  and  parietal  i-egions  (Fig.  16).  The  top 
of  the  skull  is  flat  and  often  depressed  toward  the  middle. 


Fig.  10.  Rickets.  Square  head,  frontal  bosses  and  enlarged  costochondral 

junctions  (“rachitic  rosary”). 

The  anterior  fontanel  does  not  close  at  the  regular  time 
and  may  be  widely  open,  even  after  the  age  of  two  years. 
Aieas  of  softening  of  the  cranial  bones  {craniotabes)  may 
be  detected  on  ])alpation.  These  areas  are  most  frequently 
found  in  the  neighborhood  of  the  lambdoidal  sutures  either 
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in  the  paiietal  or  occipital  bones.  Such  soft  areas  may  be 
present  in  the  skulls  of  newly  born  infants  who  show  no 
other  manifestations  of  rickets ;  hence,  craniotabes  is  not 
of  significance  unless  developed  during  infancy. 

In  the  thorax,  the  costochondral  junctions  are  enlarged 
and  may  be  felt  as  rows  of  beads  running  parallel  to  the 
sternum  and  curving  outward  toward  the  loAver  end  of  the 
chest  (the  rachitic  rosary)  (Fig.  16).  In  cases  of  marked 
and  long-continued  rickets,  deformity  of  the  chest  occurs, 
with  sinking  in  along  the  lines  of  the  costochondral  junc¬ 
tions.  (Figs.  16,  17,  18.)  In  these  cases  the  bending  in 
of  the  ribs  and  cartilages  may  be  sufficient  to  interfere 
with  normal  expansion.  Associated  with  the  sinking  in  of 
the  thorax  is  a  flaring  of  the  lower  ribs  covering  the  liver 
and  upper  portions  of  the  abdomen.  At  the  upper  edge 
of  the  flaring  following  the  line  of  the  diaphragmatic  at¬ 
tachment  a  gutter-like  depression  occurs  (Harrison’s 
groove).  The  lower  end  of  the  sternum  may  be  retracted 
so  as  to  give  rise  to  a  funnel-shaped  depression;  such  a 
deformity,  however,  may  be  congenital  or  the  result  of 
other  causes,  as,  for  example,  respiratory  obstruction  due 
to  adenoids. 

The  long  bones  of  the  extremities  may  show  more  or  less 
deformity,  depending  on  the  degree  and  duration  of 
rickets  and  the  amount  of  mechanical  stress  to  which  the 
bones  have  been  subjected.  Some  enlargement  of  the 
inetaphyses  occurs  at  the  wrists  in  almost  all  cases  of 
rickets.  In  children  who  are  old  enough  to  sit  up  or  to 
stand,  bowing  of  the  thighs  and  legs  occurs  (Figs.  17  and 
19).  The  rachitic  child  tends  to  sit  in  a  cross-legged,  tailor¬ 
like  fashion,  resting  a  part  of  the  weight  upon  the  arms; 
this  causes  deformity  of  both  arms  and  legs  (Fig.  18). 
Instead  of  ])eing  symmetrically  bowed,  the  legs  may  be 
twisted  in  almost  any  direction  (Figs.  19,  20,  and  21). 
Although  knock-knee  occurs  as  a  result  of  rickets,  it  occurs 
also  from  other  causes.  The  most  frequent  cause  of 


Fig.  17. — Eickets.  Deformities  of  head,  chest  and  extremities. 
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moderate  knock-knee  is  the  stress  put  on  the  knees  by 
standing  on  flat,  pronated  feet. 

Because  of  the  lax  mnscnlature,  the  rachitic  infant  tends 
to  slump  into  a  heap  when  an  effort  is  made  to  sit  up.  Ulti¬ 
mately  this  may  lead  to  a  considerable  degree  of  kyphosis. 


Fig.  IP. — Rickets.  Deformities  of  extremities,  bowlegs  and  knock-knee. 


'^Ihie  laxity  of  the  muscles  and  ligaments  ot  the  teet  pie- 
disposes  to  the  development  of  flat  feet.  The  lax  muscula¬ 
ture  of  the  alidomen  and  of  the  intestines  causes  alxlominal 


protulierance  or  “ iiot-belly ”  (Big.  18).  Intestinal  atony 
results  in  constipation.  Diastasis  of  the  rectus  abdominis 
muscles  and  umbilical  hernia  are  common.  As  a  result 
of  muscular  weakness,  sitting,  standing  and  walking  are 


Fig.  20.— Eickets.  Rarefaction  and  deformities  of  bones. 


Knock-knee 
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delayed,  or,  if  the  baby  has  learned  to  perform  these  acts 
previously,  they  may  cease  during  the  period  of  activity 
of  the  rickets. 

Dentition  is  delayed,  but  the  temporary  teeth  are  not 
necessarily  abnormal  in  shape  or  structure,  since  these 
teeth  are  fairly  well  developed  at  the  time  of  birth  (even 
though  unerupted).  Rickets  during  infancy  is  more  likely 
to  cause  an  alteration  in  the  structure  of  the  permanent 
teeth  Avhich  are  developing  during  the  time  that  rickets  is 
active. 


Fig.  21. — Eickets.  End  result  of  severe  rickets  during  infancy. 


The  rachitic  child  may  be  fretful,  and  irritable,  may 
sleep  poorly,  and  lie  restless  during  sleep.  Excessive 
sweating  about  the  head  is  common,  although  it  is  not 
definitely  a  manifestation  of  rickets.  The  infant  may  be 
pale  and  x>asty  in  appearance.  Rachitic  infants  are  some¬ 
what  more  subject  to  infections,  particularly  of  the  respira¬ 
tory  tract,  than  are  normal  infants.  The  chief  reason  for 
increased  susceptibility  appears  to  be  the  deficiency  of 
vitamin  D.  Deficiency  of  any  of  the  nutritional  essentials 
leads  to  decrease  in  resistance  to  infection,  and  vitamin  D 
deficiency  is  no  exception. 

Tetany  may  be  associated  with  rickets,  and  when  pies- 
ent  there  are  the  added  symptoms  of  neuromuscular  irri¬ 
tability,  carpopedal  spasm,  laryngospasm,  or  definite  con¬ 
vulsive  seizures. 


rickets 


431 


Mental  development  may  appear  to  be  retarded  as  a  re¬ 
sult  of  severe  rickets.  However,  the  retardation  is  not 
actual,  but  its  simulation  is  dependent  on  delay  m  motor 
performance  as  compared  with  expected  behavior  for  the 
age.  Muscular  activity  becomes  entirely  normal  with  re¬ 
covery  from  rickets. 

Diagnosis 

The  diagnosis  of  rickets  by  means  of  the  symptoms  and 
signs  already  described  would  appear  to  be  easy.  How¬ 
ever,  in  many  instances  the  disease  is  present  in  a  mild 
form,  and  mistakes  in  diagnosis  are  made  frequently  when 
the  criteria  used  for  diagnosis  are  not  sufficiently  definite. 
In  cases  of  mild  rickets  the  diagnosis  is  unreliable  when 
based  wholly  on  physical  examination,  without  the  use  of 
roentgenograms  and  chemical  studies  of  the  blood.  For 
example,  no  sharp  dividing  line  exists  between  normal 
beading  of  the  ribs  and  that  which  is  slightly  abnormal. 
No  dependence  can  be  placed  on  studies  of  the  incidence 
of  rickets  when  physical  examination  alone  has  supplied 
the  criteria  for  diagnosis. 

In  cases  of  marked  and  active  rickets,  roentgenograms 
supply  evidence  that  is  completely  reliable.  In  very  mild 
rickets  the  roentgenographic  changes  may  be  equivocal  and 
experts  may  disagree  as  to  their  significance.  When  bone 
is  growing  rapidly,  minor  irregularities  of  calcification  in 
the  metaphysis  may  appear  in  the  roentgenogram.  These 
irregularities  accompanying  rapid  growth  occur  when  the 
retention  of  calcium  and  phosphorus  is  maximum  and  are 
wholly  normal,  yet  they  are  quite  similar  in  appearance  to 
the  earliest  roentgenographic  changes  that  take  place  in 
rickets.  In  a  considerable  proportion  of  the  published  sur¬ 
veys  of  gioups  of  babies  to  determine  the  incidence  of 
lickets  these  minor  roentgenographic  changes  have  been 
interpreted  as  rachitic,  whereas  in  many  instances  they 
definitely  are  not.  Several  years  ago  one  author  reported 
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rickets  in  more  than  60  per  cent  of  a  group  of  babies  under 
excellent  supervision  and  receiving  vitamin  D  in  amounts 
that  should  be  considered  ample.  At  approximately  the 
same  time  another  author,  also  expert  in  the  diagnosis  of 
rickets,  reported  an  incidence  of  15  per  cent  in  a  group  of 
Iniliies  selected  at  random  at  a  low  economic  level  in  our 
largest  urban  center.  Thus  it  becomes  necessary  to  dis¬ 
tinguish  between  ^‘rickets”  diagnosed  radiographically  by 
means  of  these  unimportant  lione  changes  and  rickets  that 
is  clinically  significant.  Clinically  significant  active  rickets 
has  associated  chemical  changes  in  the  blood  that  are  in 
themselves  diagnostic;  “rickets”  resulting  from  rapid 
growth  is  associated  only  with  normal  calcium,  phosphorus 
and  phosphatase  values  in  the  blood.  Large  scale  radio- 
graphic  surveys  are  much  more  easily  made  than  are  sur¬ 
veys  using  blood  values  as  a  criterion.  It  is  for  this  reason 
that  confusion  in  diagnosis  has  arisen.  A  combination  of 
radiographic  and  blood  studies  is  preferable. 

When  babies  who  have  physical  changes  of  rickets  come 
under  observation,  even  if  the  diagnosis  is  unmistakable, 
it  becomes  desirable  to  determine  by  radiographic  and 
blood  studies  whether  the  rickets  is  still  active  or  whether 
the  deformities  found  are  only  the  residue  of  rickets  al¬ 
ready  healed.  The  subsequent  management  of  these  two 
states  differs  markedly. 

Prevention  and  Treatment 

Infantile  rickets  is  both  pi’eventalfie  and  curable.  When 
babies  are  fed  appropriate  amounts  of  either  human  milk 
or  cow’s  milk,  the  intake  of  lioth  calcium  and  phosphorus 
is  adequate.  The  onlv  otlier  material  necessary  for  the 
prevention  of  rickets  is  vitamin  L.  The  amount  of  vita¬ 
min  D  required  for  the  prevention  of  rickets  and  for  good 
retention  of  calcium  and  phosphorus  is  discussed  in  Chap¬ 
ter  VII.  Kickets  is  prevented  in  most  instances  by  15 
units  of  vitamin  D  daily  for  each  kilogi-am  of  body  weight. 
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This  amount  is  supplied  by  one-tliird  teaspoonful  of  cod- 
liver  oil  of  moderate  potency.  Better  growth  and  better 
retention  of  calcium  and  phosphorus  are  obtained  with  50 
units  daily  for  each  kilogram,  an  amount  supplied  by  one 
teaspoonfnl  of  cod-liver  oil  of  moderate  potency  or  by 
fortified  milk  containing  400  units  to  the  quart.  An  amount 
of  cod-liver  oil  that  supplies  approximately  350  units  of 
vitamin  J)  daily  is  adequate  throughout  the  period  of  in¬ 
fancy.  The  various  cod-liver  oils  on  the  market  lange  in 
vitamin  D  potency  from  85  to  260  units  to  the  gram,  or 
310  to  900  units  to  the  (4  ml.)  teaspoonful.  Concentrates 
of  vitamin  T)  in  oil  are  less  efficiently  utilized  and  appioxi- 
matelv  50  ]ier  cent  greater  unitage  is  necessary  than  is 
stated  for  cod-liver  oil.  A  iosterol  contains  10,000  units  to 
the  gram,  or  approximately  200  units  to  the  drop.  Thus 
three  to  four  drops  of  viosterol  daily  is  a  fully  adequate 
preventive  amount.  Doses  of  ten  to  fifteen  dro]is  daily, 
commonly  recommended,  are  detrimental  (see  Clia]iter 
VII).  Concentrates  of  vitamin  D  are  available  in  media 
tliat  permit  easy  dispersion  of  tlie  vitamin  in  milk.  Wlien 
such  preparations  are  added  to  the  formula  the  dosage 
needed  is  no  greater  than  that  descril)ed  for  cod-liver  oil. 

Rickets  may  be  prevented  also  by  exposure  of  the  skin 
to  sunshine  or  to  artificial  sources  of  ultraviolet  rays. 
Although  this  is  an  effective  means  of  prevention,  it  is  not 
as  practical  in  many  respects  as  the  inclusion  of  vitamin 
D  in  the  diet.  In  many  ])arts  of  the  country  the  usefulness 
of  sunshine  is  seasonal  and  at  any  season  the  amount  of 
ultraviolet  rays  obtained  is  variable  and  uncertain  unless 
the  program  of  ex]iosure  is  definitely  planned.  The  use 
of  artificial  sources  of  ultraviolet  rays  requires  not  only 
planning,  but  close  supervision  as  well.  The  use  of  ultra¬ 
violet  rays  offers  no  known  advantage  over  the  use  of  in¬ 
gested  vitamin  D. 

Prematurely  boin  liabies  present  a  special  problem  in 
rickets  prevention  as  discussed  in  Chapter  XXVII.  No 
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satisfactory  evidence  exists  that  the  baby  born  prematurely 
requires  more  vitamin  D  than  does  the  baby  born  at  term, 
though  a  greater  requirement  has  been  postulated  and  is 
commonly  accepted.  Because  of  the  present  state  of  opin¬ 
ion  and  knowledge,  it  is  advisable  to  administer  to  the  pre¬ 
maturely  born  baby  approximately  twice  as  much  vitamin 
D  as  has  been  discussed  for  the  baby  born  at  term.  Ulti¬ 
mately  a  stage  of  growth  is  reached  when  the  requirement 
is  the  same  as  for  the  baby  born  at  term. 

Any  amount  of  vitamin  D  that  will  jirevent  rickets  will 
also  bring  about  its  cure.  However,  the  cure  in  these 
circumstances  is  slower  than  usually  is  desired.  Conse¬ 
quently  the  administration  of  larger  amounts  of  vitamin 
D  is  advisable  until  recovery  from  rickets  occurs.  The 
larger  the  amount  of  vitamin  D  given,  the  more  quickly 
does  the  healing  process  begin.  With  the  curative  doses 
commonly  employed,  changes  in  the  calcium  and  phos¬ 
phorus  content  of  the  blood  may  lie  observed  in  about  ten 
days,  and  radiographic  evidence  of  beginning  lione  healing 
in  about  twenty  days.  With  very  large  doses,  blood 
changes  may  occur  within  three  or  four  days  and  bone 
changes  within  ten  days. 

If  cod-liver  oil  is  the  chosen  source  of  vitamin  D  for 
therapy,  three  teaspoonfuls  daily  of  a  high-potency  oil 
produce  fairly  rapid  healing.  The  same  result  may  be  ex¬ 
pected  from  twenty  drops  of  viosterol  daily  (4000  units  of 
vitamin  D).  The  high-potency  lish-liver  oils,  such  as  per- 
comorph-liver  oil  or  the  cod-liver  oil  concentrates,  also  are 
satisfactory  in  a  dosage  similar  to  that  of  viosterol.  Larger 
doses  of  these  materials  may  be  employed,  if  desired,  but 
the  use  of  such  amounts  should  be  temporary  and  only 
until  healing  is  well  under  way. 

The  use  of  a  single  dose  of  vitamin  H  administered  in¬ 
tramuscularly  has  been  advocated  to  cover  the  need  for  an 
entire  winter  season.  The  amount  usually  employed  for 
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this  purpose  is  600,000  units.  Another  procedure  that  has 
had  some  usage  is  oral  administration  of  100,000  units  once 
eacli  month.  Even  though  no  ill  effects  have  been  reported 
from  either  of  these  procedures,  neither  is  to  be  recom¬ 
mended  in  our  present  state  of  Imowledge.  The  type  of 
observation  necessary  to  determine  ill  effect  has  not  yet 
been.  made.  One  might  expect  the  same  type  of  toxic  effect 
as  is  discussed  in  Chapter  \'II  for  daily  doses  of 
tionate  size. 

No  good  reason  exists  for  the  administration  of  salts  of 
either  calcium  or  phosphorus.  The  normal  diet  of  the 
full-term  infant  contains  an  abundance  of  both  these  mate¬ 
rials.  Prematurely  born  infants  need  more  calcium,  phos¬ 
phorus,  and  protein  than  can  lie  supplied  by  human  milk. 
The  human  milk  feeding  can  lie  fortified  with  dried  skim¬ 
med  milk,  which  provides  all  three  of  these  substances. 
Some  years  ago  it  was  customary  with  some  physicians  to 
add  small  amounts  of  elementary  phosphorus  to  the  cod- 
liver  oil  used  in  the  treatment  of  riclmts.  By  this  means  a 
wide  line  of  provisional  calcification  was  produced  at  the 
point  of  growth  of  bone.  This  change  was  interpreted  as 
beneficial.  It  is- now  known,  however,  that  the  effect  pro¬ 
duced  by  phosphorus  is  the  result  of  toxicity  and  the  iibos- 
phorus  line  produced  is  comparable  to  the  bismuth  line 
frequently  observed  during  treatment  of  congenital 
syphilis. 

Any  anemia  that  may  be  associated  with  riclvets  may  be 
expected  to  respond  promptly  to  iron  or  iron  and  copper 
therapy.  In  cases  of  severe  anemia  transfusions  are  in¬ 
dicated  to  initiate  recovery. 

Many  of  the  more  moderate  deformities  of  rickets  tend 
to  become  corrected  spontaneously  after  the  rickets  has 
healed.  For  the  correction  of  some  of  them  a  year  or  two 
may  be  required.  Some  of  the  more  severe ‘deformities 
require  surgical  correction ;  this  is  true  particularly  for 
deformities  of  the  legs.  The  surgical  procedure  most  fre- 
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qiiently  used  is  osteotomy,  toll  owed  by  placing  the  leg  more 
nearly  in  a  straight  line  in  a  plaster  cast  until  healed. 
It  is  to  be  rememliered  that  immobilization  of  any  part  of 
the  body  is  accompanied  by  consideralile  decalcitication  of 
the  immol)ilized  ])ortion  of  the  skeleton.  The  skeleton 
should  be  Avell  calcihed  before  such  therapy  is  undertaken. 

•  Certain  detormities  are  not  easily  amenable  to  treatment, 
as  for  example,  detormities  of  the  ribs.  However,  many 
of  these  decrease  considerably  with  the  lapse  of  time. 
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TETANY 

(Spasmophilia) 

Tetany  is  a  condition  cliaracterized  by  neuromuscular 
liyperexcital)ility  brought  about  by  a  disturbance  in  the 
metabolism  of  calcium  and  phosphorus.  The  neivous  ex¬ 
citability  is  dependent  directly  on  a  lowered  calcium  con¬ 
tent  of  the  blood,  or  on  a  decreased  ionization  (or  avail¬ 
ability)  of  tin*  calcium  that  is  ])resent,  though  the  amount 
may  be  normal.  The  condition  may  be  manifest  by  gen¬ 
eralized  convulsions,  by  characteidstic  sjiasm  of  the  hands 
and  feet,  by  sjiasni  of  the  larynx,  or  by  spasm  of  all  three 
of  these  ty])es.  The  disorder  may  exist  in  all  degrees  of 
severity,  depending  lai’gely  on  the  level  of  blood  calcium 
or  on  its  ionization. 


Etiology  and  Pathogenesis 


Any  condition  that  produces  lowering  of  the  blood 
calcium  or  decreased  availability  of  the  calcium  present  in 
the  blood  may  be  a  cause  of  tetany.  The  most  common  and 
the  usual  cause  of  tetany  in  infancy  is  the  disturbance  in 
calcium  metaliolism  associated  with  rickets.  The  discus¬ 
sion  of  rachitic  tetany  is  the  chief  ])ur])ose  of  the  cha])ter, 
but  the  other  causes  of  tetany  will  be  mentioned. 


The  parathyroid  glands  exert  a 
tluence  over  the  calcium  metabolism 
activity  of  the  parathyroid  glands 


strong  controlling  in- 
of  the  body.  Increased 
raises  the  calcium  con¬ 


tent  of  the  blood;  decreased  activity  lowers  the  calcium 
level.  Consequently,  hypo])arathyroidisni  produces  tetany. 
Hypoparathyroidism  is  almost  unknown  in  infancy  except 
for  a  transitory  functional  disturbance  that  occurs  occa¬ 
sionally  soon  after  birth.  Uncommonly,  tetany  may  be 
observed  in  the  neonatal  period.  The  most  reasonable  ex- 
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planation  for  this  event  is  that  the  activity  of  the  para¬ 
thyroid  glands  of  the  mother  had  been  increased  during  the 
latter  part  of  pregnancy,  resulting  in  partial  suppression 
of  the  activity  of  the  parathyroid  glands  of  the  infant.  In 
such  case,  sometimes  several  weeks  are  required  after  birth 
before  the  parathyroid  glands  of  the  infant  become  fully 
active.  The  symptoms  of  tetany  in  the  infant  usually  re¬ 
quire  active  measures  for  control.  The  measures  that  are 
discussed  subsequently  for  the  control  of  rachitic  tetany 
are  equally  effective  for  the  control  of  tetany  of  the  new¬ 
born. 

Any  condition  that  produces  alkalosis  may  be  a  cause  of 
tetany.  In  the  presence  of  alkalosis  the  calcium  of  the 
blood  is  less  available.  The  effect  of  decreased  availability 
is  the  same  as  that  of  decreased  blood  content.  Alkalosis 
may  be  produced  by  administration  of  excessive  amounts 
of  alkali  (bicarbonate  or  citrate).  A  more  common  cause 
of  alkalosis  in  infancy  is  the  vomiting  associated  with 
pyloric  stenosis  (see  p.  341).  Pulmonary  hyperventilation 
brings  about  increased  removal  of  carbonic  acid  from  the 
blood  with  a  shift  of  the  reaction  toward  the  alkaline  side. 
Hyperventilation  sufficient  to  produce  significant  alkalosis 
is  rarely  encountered  in  infancy. 

The  availability  of  calcium  in  the  blood  is  decreased  when 
the  phosphate  content  of  the  blood  is  increased.  The  com¬ 
mon  cause  of  increased  phosphate  in  the  hlood  is  renal 
failure  with  abnormal  retention  of  phosphate.  Renal  fail¬ 
ure  in  infancy  is  most  likely  to  he  caused  by  congenital 
anomalies,  such  as  hjTlronephrosis  produced  by  partial 
blocking  of  the  ureters.  Such  infants  may  have  mild  tet¬ 
any  even  in  the  presence  of  moderate  acidosis.  The  serum 
calcium  may  be  normal,  but  the  inorganic  phosphorus 
equals  or  exceeds  the  calcium  in  amount  and  the  nonpro¬ 
tein  nitrogen  of  the  blood  is  high.  Ihis  condition  is  des¬ 
ignated  as  renal  hyperparathyroidism. 

Some  tendency  exists  to  approach  the  discussion  of  the 
cause  of  rachitic  tetany  with  some  degree  of  mystery 
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because  the  iiiecliaiiisin  is  not  completely  clear  in  all  in¬ 
stances.  AVhen  babies  have  rickets  their  blood  character¬ 
istically  has  a  calcium  level  in  the  lower  part  of  the  norma 
range  and  a  much  decreased  level  of  inorganic  phosphoims. 
The  first  effect  of  administering  a  small  amount  of  vita¬ 
min  D  is  to  raise  the  phosphate  level  of  the  blood.  At  the 
same  time  some  .of  the  calcium  disai^pears,  x^rodiicing  a 
lower  blood  level.  Presumably  the  calcium  has  been  de¬ 
posited  in  the  bones.  If  the  dosage  of  vitamin  II  is  ade¬ 
quate  and  its  administration  is  continuous,  its  effect  in 
lowering  blood  calcium  is  very  transitory  and  unimportant. 
It  is  in  those  instances  in  which  only  a  single  or  brief 
impetus  has  been  given  to  the  healing  process  that  the  blood 
calcium  tends  to  decrease  and  to  remain  at  a  low  level.  In 
the  natural  course  of  events  such  an  inadequate  impetus  to 
the  healing  of  rickets  is  likely  when  the  rachitic  baby  is 
taken  out  of  doors  for  an  airing  on  the  first  clement  day  in 
the  spring  and  perhaps  subsequently  is  kept  housed  because 
of  a  return  of  unsuitable  weather.  The  difficulty  in  apply¬ 
ing  this  explanation  of  the  occurrence  of  tetany  in  all  in¬ 
stances  of  rachitic  tetany  is  that  sometimes  the  clinical  evi¬ 
dences  of  rickets  are  meager.  Despite  the  mildness  of  the 
rickets  in  a  few  instances,  the  explanation  that  has  been 
given  seems  the  most  reasonable. 

Many  of  the  etiological  factors  pertaining  to  rickets  per¬ 
tain  also  to  tetany.  Tetany  has  its  highest  incidence  late 
in  the  spring  and  is  more  common  in  artificially  fed  than  in 
breast-fed  babies.  It  has  the  same  age  incidence  as  rickets. 
It  is  more  frequent  in  the  dark-skinned  than  in  the  light¬ 
skinned  races.  Tetany  does  not  occur  when  vitamin  D  has 
])een  given  prophylactically  in  the  customary  manner  and 
amount. 

Infantile  tetany  occurs  with  much  less  frequency  than 
formerly,  just  as  in  the  case  of  rickets  and  for  the  same 
leasons.  At  one  time  tetany  stood  first  among  tlie  causes 
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of  convulsions  in  infancy.  At  tlie  present  time  it  is  rela¬ 
tively  rare,  exce]it  perlia]is  in  some  of  our  large  urban 
centers. 

Symptoms 

Tetany  may  be  either  latent  or  manifest.  Latent  rachitic 
tetany  is  that  state  'which  exists  'when  the  blood  calcium 
has  decreased  below  normal  l)ut  not  to  a  sufficient  degree 
to  produce  manifest  symptoms  of  the  disease  unless  some 
other  type  of  disturbance  intervenes.  With  a  blood  cal¬ 
cium  value  of  7  or  8  mg.  to  each  100  ml.  of  serum,  usually 
no  symptoms  of  tetany  are  to  be  observed,  yet  on  testing, 
increased  neuromuscular  irritability  is  found.  Electrical 
stimuli  applied  over  nerve  trunks  produce  responses  in 
the  muscles  supplied  by  the  nerves  with  a  smaller  amount 
of  electrical  energy  than  would  lie  required  normally.  An 
acute  febrile  illness  occurring  in  tlie  course  of  latent  tetany 
is  much  more  likely  to  cause  a  convulsion  than  if  the  blood 
calcium  level  were  normal.  Latent  tetany  responds  to 
treatment  in  the  same  inanner  as  does  manifest  tetany. 

Wdien  the  symptoms  of  rachitic  tetany  become  manifest 
spontaneously,  the  bloo<l  calcium  level  is  likely  to  be  6  mg. 
or  less  to  the  100  ml.  of  serum.  At  the  same  time  the  blood 
phosphorus  is  increased  to  approximately  the  same  level 
and  blood  phosphatase  also  is  increased. 

Of  the  three  major  symptoms  of  tetany  from  any  cause 
only  one,  spasm  of  the  muscles  of  the  hands  and  feet,  is 
pathognomonic  of  this  disease.  AA  hen  carpopedal  spasm 
is  present  the  position  of  the  hands  is  characteristic.  The 
hands  are  Hexed  at  the  wrists  and  the  thumbs  are  adducted 
toward  the  palms  of  the  hands;  the  fingers  are  flexed  at  the 
metacarpophalangeal  joints,  the  other  joints  being  ex¬ 
tended  (Fig.  22).  The  feet  are  held  in  a  position  somewhat 
similar  to  that  of  the  hands ;  they  are  flexed  plantarly  at 
the  ankle,  the  dorsum  of  the  foot  is  arched  and  the  toes  are 
flexed.  In  addition  an  equinovarus  position  may  be  as¬ 
sumed.  The  tonic  contracture  of  the  hands  and  feet  may 
be  transitory  or  it  may  continue  for  days  at  a  time.  In 
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those  instances  in  which  carpopedal  spasm  has  not  occurred 
spontaneously,  the  spasm  often  may  be  brought  about  by 
compression  about  the  extremities  with  an  elastic  band. 


Fig.  22.  Tetany.  Carpopedal  spasm. 

This  sign  is  elicited  best  in  the  iqiper  extremities  (Trous¬ 
seau  s  sign).  A  flat  rubber  bandage  or  a  blood  pressure 
cuff  is  applied  to  the  upper  arm  with  sufficient  pressure 
to  obliterate  the  radial  ])ulse  for  a  few  minutes,  ^fhe  hand 
gradually  assumes  the  characteristic  position. 
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Despite  the  carpopedal  spasm  often  seen  as  a  result 
of  tetany,  no  general  muscular  hypertonicity  is  present. 
The  arms  and  legs  are  freely  movable,  the  knee  jerks 
are  not  exaggerated  and  the  Kernig  sign  is  not  present. 
No  appearance  of  illness  is  associated  with  the  condition. 
Often  these  children  will  sit  quietly  in  bed  and  play  with 
toys  by  the  hour  as  best  they  can  with  stiffened  hands. 

Laryngospasm  (laryngismus  stridulus)  is  another  of  the 
major  symptoms  of  tetany  as  it  occurs  in  infancy.  The 
adductor  muscles  of  the  larynx  undergo  spasmodic  contrac¬ 
tion,  with  tlie  production  of  an  inspiratory  stridor.  The 


Fig.  23. — Tetany.  Appearance  during  a  convulsive  seizure. 

spasm  is  not  sufficient  to  cause  obstruction  to  expiration 
and  no  expiratory  stridor  is  heard.  The  effects  of  tlie 
spasm  become  more  marked  when  the  infant  cries.  La¬ 
ryngospasm  tends  to  be  transitory,  reappearing  at  irregu¬ 
lar  intervals.  The  spasm  may  be  sufficient  to  interfere 
with  inspiration  to  sucli  an  extent  that  deep  cyanosis  re¬ 
sults.  Only  rarely  does  deatli  occur  as  a  result  of  one  of 

these  attacks. 

The  severest  manifestations  of  tetany  are  generalized 
convulsions.  They  may  occur  at  long  or  short  intervals. 
They  are  identical  with  convulsions  of  the  cerebial  tj^pe 
from  any  otlier  cause.  The  infant  liecomes  unconscious ;  a 
rigid  tonic  state  of  the  body  is  followed  rather  quickly  by 
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clonic  jerkings.  The  hands  are  tightly  clenched  or  assume 
the  position  of  carpal  spasm.  The  head  is  thrown  back 
and  the  corners  of  the  mouth  are  drawn  down  (Fig.  23). 

The  incidence  of  these  three  manifestations  of  tetany 
varies  with  the  age  of  the  infant.  Approximately  one-third 
of  babies  with  tetany  in  the  first  two  years  of  life  have 
laryngospasin ;  after  two  years  of  age  laryngospasm  is  lela- 
tively  rare.  The  incidence  of  carpopedal  spasm  inci  eases 
with  the  age;  after  two  years  of  age  approximately  half  of 
the  children  with  tetany  have  spasm  of  the  hands  and  feet. 
Convulsions  occur  more  frequently  than  either  of  the  other 
conditions.  The  incidence  of  convulsions  is  highest  in  the 
first  year  and  gradually  decreases,  but  it  is  still  approxi¬ 
mately  50  per  cent  in  the  third  year.  More  often  than  not, 
the  infant  has  only  one  of  the  three  major  symiitoms.  In  a 
few  instances  two  or  even  all  three  of  the  types  of  spasm 
may  be  exhibited  by  the  infant;  the  younger  the  infant, 
the  more  likely  are  the  manifestations  to  be  multiple.  After 
two  years  of  age  it  is  most  unusual  to  find  more  than  a 
single  s>Tnptom. 

Diagnosis 

If  carpopedal  spasm  is  present,  or  if  it  can  be  produced 
by  constriction  about  the  upper  arm  (Trousseau’s  sign), 
the  diagnosis  of  tetany  may  be  made  without  hesitation. 
A  finding  permitting  a  presumptive  diagnosis  of  tetany  is 
a  contraction  of  the  facial  muscles  resulting  from  tapping 
on  the  face  over  one  of  the  branches  of  the  facial  nerve 
(Chvostek’s  sign).  This  sign  is  much  more  reliable  in 
infancy  than  it  is  a  little  later  in  childhood.  In  a  similar 
mannei,  contraction  of  muscles  of  the  leg  and  foot  may  be 
produced  by  tapping  over  the  peroneal  nerve  as  it  rounds 
the  fibula  in  the  upper  part  of  the  leg. 

Whenever  tetany  is  present  in  either  a  manifest  or  a 
latent  form,  electrical  excitability  of  all  nerve  trunks  is 
increased  (Erb’s  sign).  In  order  to  elicit  this  sign,  a 
galvanic  battery  with  a  milliammeter  is  required.  One 
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terminal  is  applied  over  the  abdomen,  the  other  over  the 
peroneal  nerve  near  the  head  of  the  hbiila.  The  most  char¬ 
acteristic  reaction  is  obtained  when  the  negative  (cathodal) 
terminal  is  applied  over  the  nerve,  and  contraction  of  the 
muscles  occurs  when  the  circuit  is  opened,  after  the  pas¬ 
sage  of  a  current  of  less  than  5  milliamperes.  The  cathodal 
closing  and  the  anodal  reactions  are  changed  from  the 
normal  but  are  of  less  significance  tlian  the  cathodal  open¬ 
ing  contraction.  Considerable  experience  is  required  in 
determining  the  electrical  reactions  and  in  interpreting 
the  results. 

Laryngospasm  with  insiDiratory  stridor  may  occur  as  a 
symptom  of  other  conditions,  as  for  example  catarrhal 
croup.  When  laryngospasm  is  the  only  symptom,  tetany 
must  be  diagnosed  bv  the  various  means  that  are  discussed 
in  this  chapter. 

The  convulsions  of  tetany  usually  give  no  clue  as  to  their 
cause.  They  do  not  differ  from  convulsions  from  other 
causes.  When  convulsions  occur,  tetany  must  be  considered 
as  a  possible  cause  and  tests  must  be  made  to  confirm  or 
exclude  the  diagnosis  of  tetany. 

A  low  blood  calcium  value  is  certain  evidence  of  tetany. 
Values  of  6  mg.  or  less  to  100  ml.  of  serum  usually  are 
associated  with  manifest  symptoms ;  values  slightly  higher 
with  latent  tetany.  In  rachitic  tetany  the  inorganic  phos¬ 
phorus  of  the  blood  is  usually  at  the  normal  level,  often 
a  high  normal,  and  phosphatase  is  increased.  The  blood 
values  are  the  same  in  tetany  of  the  newborn,  except  that 
phosidiatase  is  not  increased.  In  the  tetany  of  alkalosis 
these  various  blood  values  are  likely  to  be  normal ;  the 
carbon-dioxide  combining  power  is  greatly  increased. 

In  tetany  of  renal  failure  the  blood  calcium  level  ma^y 
be  normal  or  decreased.  The  blood  inorganic  phosphorus 
is  increased  to  approximately  the  same  level  as  that  of 
calcium.  It  is  the  great  increase  in  phosphorus  that  makes 
the  calcium  relatively  unavailable.  Phosphatase  is  not 

increased. 
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Treatment 

The  changes  responsible  for  the  occurrence  of  rachitic 
tetany  are  dependent  on  vitamin  D  deficiency.  Conse¬ 
quently  one  of  the  early  indications  in  the  management  of 
tetany  is  the  administration  of  vitamin  D.  Vitamin  D 
therapy  for  tetany  is  the  same  as  that  for  rickets.  The 
larger  the  dosage  of  vitamin  D,  the  more  quickly  do  the 
blood  values  return  to  normal.  A  satisfactory  therapeutic 
dose  is  2000  to  3000  units  of  vitamin  1)  daily.  If  this  dose 
or  a  larger  one  is  used,  it  should  be  given  only  until  normal 
blood  values  have  been  attained.  Subsequently  the  amount 
necessary  to  maintain  these  values  is  small,  namely,  300  to 
400  units  daily.  After  the  blood  values  for  calcium,  phos¬ 
phorus  and  phos])hatase  have  l)econie  normal,  no  therapy 
is  indicated  other  than  the  administration  of  the  usual 
maintenance  amount  of  vitamin  D. 

Regardless  of  the  amount  of  vitamin  D  administered  to  a 
l)aby  Avith  rachitic  tetany,  at  least  several  days  will  be 
required  before  the  blood  values  will  have  reached  a  non¬ 
tetany  level.  During  this  ])eriod  of  lag  the  symptoms  of 
tetany  will  continue  unless  other  measures  are  employed’ 
to  control  them.  Their  control  is  inqiortant,  es]iecially  in 
cases  of  convulsions  or  laryngospasm. 

Since  low  blood  calcium  is  the  cause  of  the  symptoms, 
the  administration  of  calcium  salts  might  seem  to  be  a 
reasonable  thera])eutic  measure.  However,  it  is  to  be  re¬ 
membered  that  the  diet  already  contains  an  abundance  of 
calcium  and  more  is  unnecessary  for  adequate  utilization 
when  vitamin  D  is  being  given.  The  administration  of 
soluble  calcium  salts  by  mouth  causes  only  a  slight  and 
transitory  rise  in  tlie  blood  level.  From  the  standpoint  of 
raising  the  blood  level,  the  administration  of  calcium  salts 
by  mouth  is  scarcely  worth  while.  Calcium  salts  adminis¬ 
tered  parenterally  cause  a  more  detinite  increase  in  blood 
calcium.  This  elfect  also  is  transitory  and  the  injections 
must  be  repeated  frequently  to  keep  tetany  under  control. 
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The  inorganic  calcium  salts  have  effects  in  addition  to 
those  attributable  to  the  calcium  ion.  These  effects  are 
discussed  subsequently.  Of  the  organic  calcium  salts,  the 
lactate,  acetate  and  gluconate  are  available  and  useful. 
Calcium  gluconate  is  available  in  ampules  in  10  per  cent 
solution.  It  may  be  given  in  this  strength  subcutaneously, 
intramuscularly,  or  intravenously.  It  is  relatively  non¬ 
irritating,  in  contrast  with  calcium  chloride,  which  is  highly 
irritating  to  body  tissues.  An  appropriate  amount  of  cal¬ 
cium  gluconate  for  a  single  injection  is  10  ml.  of  the  10 
per  cent  solution. 

The  administration  of  calcium  chloride  by  mouth  is 
highly  useful  in  the  treatment  of  the  symptoms  of  tetany. 
The  usefulness  is  dependent  not  so  much  on  the  calcium 
part  of  the  salt  as  upon  the  chloride.  Calcium  chloride  is 
metabolized  in  the  body  as  a  mineral  acid.  One  gram  (15 
grains)  of  calcium  chloride  is  the  ajiproximate  equivalent 
of  75  ml.  of  N/10  hydrochloric  acid.  Previously  it  has  been 
pointed  out  that  alkalosis  may  cause  tetany  even  when  the 
blood  calcium  value  is  normal.  Conversely,  acidosis  re¬ 
lieves  the  symptoms  of  tetany  even  when  the  blood  calcium 
value  is  low.  Presumably  the  shift  of  the  acid-liase  balance 
toward  the  acid  side  leads  to  ionization  of  a  larger  pro¬ 
portion  of  the  calcium  present.  The  same  effect  as  is  pro¬ 
duced  by  calcium  chloride  in  the  relief  of  the  symptoms 
of  tetany  may  be  attained  also  by  the  administration  of 
ammonium  chloride  or  hydrochloric  acid.  If  desired, 
hydrochloric  acid  may  be  added  to  the  milk  in  the  propor¬ 
tion  of  4  ml.  (1  dram)  of  the  concentrated  acid  to  the  pint 
(the  addition  must  be  very  slow),  or  the  milk  may  be  mixed 
with  fi’om  one-fifth  to  one-tliird  of  its  volume  of  tenth- 
normal  hydrochloric  acid. 

Calcium  chloride  is  administered  commonly  only  by 
mouth.  Solutions  of  this  salt  are  highly  irritating  when 
given  subcutaneously  or  intramuscularly.  They  should  be 
given  by  these  routes  only  in  case  of  definite  emergency. 
Calcium  chloride  may  lie  given  intravenously,  although  this 
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is  not  a  coininon  procedure.  If  it  is  administered  by  vein, 
it  may  be  given  as  a  5  per  cent  solution  in  amounts  up  to 
3  ml.  for  each  kilogram.  This  amount  will  lower  the  car¬ 
bon-dioxide  combining  power  approximately  10  volumes 
per  cent.  A  useful  dosage  of  calcium  chloride  by  mouth  is 
0.6  to  1.0  Gm.  (10  to  15  grains)  three  to  four  times  daily, 
depending  on  the  age  or  size  of  the  infant.  The  oral  ad¬ 
ministration  of  calcium  chloride  is  common  in  the  treat¬ 
ment  of  infantile  tetany.  Its  administration  is  begun  as 
soon  as  the  diagnosis  of  tetany  is  made.  However,  the 
effect  in  relieving  the  symptoms  of  tetany  is  not  attained 
for  many  hours,  often  as  much  as  24  hours  or  more.  If 
calcium  chloride  medication  is  the  means  chosen  for  the 
control  of  the  tetany  symptoms  until  the  vitamin  D  has 
become  effective,  some  other  additional  method  of  therapy 
must  be  employed  during  the  first  24-hour  period  of  man¬ 
agement. 

Magnesium  has  the  same  sedative  effect  on  neuromuscu¬ 
lar  excitability  as  has  calcium.  Magnesium  sulfate  solu¬ 
tions  have  little  local  irritating  effect  and  may  be  given 
intramuscularly.  The  effect  of  magnesium  sulfate  given 
intramuscularly  is  prompt.  AVithin  a  minute  or  two  the 
symptoms  of  tetany  disappear  completely.  Magnesium 
sulfate  may  be  injected  as  a  10  per  cent  solution  of  the 
anhydrous  salt ;  crystalline  Epsom  salts  contain  50  per  cent 
water  of  crystallization  and  twice  the  amount  must  be  used. 
The  maximum  dose  of  the  10  per  cent  solution  should  not 
exceed  2  ml.  for  each  kilogram  of  body  weight,  and  it  is 
advisable  not  to  give  more  than  1  ml.  for  each  kilogram. 
1  he  use  of  the  smaller  dose,  with  repetition  if  necessary,  is 
much  safer.  Alagnesium  in  excessive  dose  is  a  powerful 
respiratory  depressant.  Symptoms  of  respiratory  failure 
appear  almost  immediately  if  they  appear  at  all.  If  such 
symptoms  should  occur,  it  is  most  useful  to  remember  that 
wlnle  the  effects  of  calcium  and  magnesium  are  in  the  same 
irection  as  regards  relief  of  the  symptoms  of  tetany,  they 
are  antagonistic  in  other  respects.  Parenteral  injection 
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of  ciii^  soluble  Ccilciuiii  suit  tliut  iiiuy  be  ut  bund  produces 
almost  immediate  relief  from  the  depressant  etfects  of  mag¬ 
nesium. 

1  aratliormone,  the  active  principle  of  the  parathyroid 
glands,  produces  a  rise  in  blood  calcium  wlien  injected 
parenterally.  The  injections  must  be  repeated  to  maintain 
the  effect.  Kachitic  tetany  presumably  is  not  dependent 
on  imi^airment  of  function  of  the  parathyroid  glands.  The 
source  of  the  increased  calcium  in  the  blood  after  para¬ 
thormone  therapy  is  the  body  stores  of  calcium,  the  bones. 
Parathormone  therapy  is  unnecessary  and  it  would  seem 
preferable  not  to  withdraw  calcium  from  the  bones  of  a 
rachitic  infant. 

Dihydrotachysterol  is  used  frequently  to  maintain  the 
blood  calcium  level  in  cases  of  hypoparathyroidism.  It 
should  be  useful  also  in  increasing  the  calcium  content  of 
the  blood  in  cases  of  rachitic  tetany.  However,  it  has  not 
been  shown  that  the  calcemic  effect  of  dihydrotachysterol 
differs  qualitatively  or  quantitatively  from  the  calcemic 
effect  of  calciferol  or  vitamin  Dg.  The  calcemic  effect  of 
both  these  preparations  presumably  is  a  part  of  the  toxic 
effect  incident  to  the  administration  of  relatively  large 
doses.  The  doses  required  are  much  larger  than  those  that 
have  been  discussed  for  vitamin  D  in  this  chapter.  A\  ith 
the  administration  of  such  large  doses  the  increased 
calcium  of  the  blood  is  mobilized  from  the  bones  as  well  as 
from  the  intestinal  tract.  If  this  type  of  effect  is  desired  in 
cases  of  racliitic  tetany,  it  may  be  attained  through  the  use 
of  increased  intake  of  vitamin  I),  as  well  as  by  the  use  of 
dihydrotachysterol. 

From  the  preceding  discussion  it  is  apparent  that  several 
approaches  exist  to  the  control  of  the  symptoms  of  rachitic 
tetany  until  such  time  as  vitamin  I)  has  become  effective  in 
producing  a  normal  lilood  level  of  calcium.  Some  choice 
of  regimen  must  be  made.  While  several  choices  exist,  the 
following  scheme  is  suggested.  As  soon  as  the  diagnosis 
of  tetany  is  made,  the  symptoms  may  be  brought  under 
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control  iiiiiiiediately  by  the  parenteral  injection  ot*  niag- 
nesinni  sulfate.  Calcium  chloride  administration  by  mouth 
then  may  be  started.  If  the  symptoms  of  tetany  begin  to 
reappear  before  the  calcium  chloride  has  become  effective, 
the  magnesium  sulfate  injection  may  be  repeated.  The 
effect  of  magnesium  sulfate  may  be  expected  to  last  for 
many  hours,  often  twenty-four  hours.  After  the  first  day 
or  at  most  two  days,  calcium  chloride  medication  alone 
may  be  expected  to  keep  the  symptoms  of  tetany  under  con¬ 
trol. 

If  a  baby  comes  under  care  with  convulsions  and  no  other 
symptoms  of  tetany,  a  diagnosis  of  the  cause  of  the  con¬ 
vulsions  must  be  made  before  specific  means  of  therapy  can 
be  employed.  The  first  duty  to  the  infant  is  to  control 
the  convulsions.  This  may  lie  accomplished  b}’^  means  of 
the  various  types  of  sedative  therapy  commonly  employed 
for  this  purpose.  With  the  convulsion  controlled,  the  cause 
should  be  sought.  If  the  cause  proves  to  be  tetany,  the 
measures  that  have  been  discussed  are  applicable. 

Tetany  of  the  newliorn  responds  to  treatment  identical 
with  that  described  for  rachitic  tetany.  Tetany  of  alka¬ 
losis  ceases  when  the  alkalosis  is  corrected,  which  may  be 
accomplished  through  administratiou  of  saline  solutions 
and  if  necessary  the  use  of  acidifying  agents  in  addition, 
as  is  discussed  under  Pyloric  Stenosis.  Immediate  relief 

fiom  tetany  can  lie  given  by  an  injection  of  magnesium 
sulfate. 

Alien  lenal  failure  has  attained  a  degree  of  severity 
great  enough  to  produce  tetany,  cure  of  the  underlying 
condition  is  no  longer  possible,  l)ut  control  of  the  symp¬ 
toms  of  tetany  may  be  attained  bv  careful  use  of  inao’- 
nesium  sulfate.  Because  renal  faiiure  is  associated  with 
acidosis,  tetany  is  not  common  even  though  the  levels  of 
calcumi  and  phosphorus  are  such  that  tetanv  would  occur 
m  the  absence  of  acidosis.  When  acidosis  of  renal  failure 
IS  severe,  some  correction  of  it  becomes  necessarv  but  the 
eo^ehon  never  sl,onld  be  co.nplete,  for  tetany  vo’nld  then 


CHAPTER  XXXI 

SCURVY 

(Scorbutus) 

Scurvy  is  a  nutritional  disorder  resulting  from  deliciency 
of  vitamin  C.  It  is  characterized  in  part  by  failure  of 
nutrition,  by  a  tendency  to  liemorrhage  tliroughout  the 
body,  esi^ecially  in  tlie  bones,  and  by  alterations  in  bone 
growth. 

Etiology 

Scurvy  may  occur  at  any  age  and  in  any  person  deprived 
of  ascorbic  acid,  even  though  the  diet  and  hygienic  condi¬ 
tions  mav  be  excellent  otherwise.  Scurvv  occurs  more  fre- 

*■ 

quently  in  infants  than  in  older  persons  because  of  the 
restricted  character  of  the  infant’s  diet.  In  Chapter  A  II 
some  of  the  characteristics  of  vitamin  C  are  discussed  as 
well  as  the  relative  amounts  in  human  and  cow's  milk. 
From  the  facts  discussed  it  is  apparent  why  scurvy  is  more 
frecpient  in  artificially  fed  than  in  breast-fed  liabies.  Even 
when  scurvy  Avas  much  more  common  than  it  is  at  present, 
it  was  rarely  clinically  apparent  before  six  months  of  age. 
The  reason  for  such  a  long  period  before  the  symptoms  of 
deficiency  develop  is  not  that  it  takes  so  long  to  deplete 
the  body  stores  and  to  develop  al)normal  changes,  but 
rather  that  the  food  is  not  completely  devoid  of  vitamin  C. 
AVith  complete  deprivation,  symptoms  of  scurvy  appear 
within  a  few  Aveeks.  The  incidence  of  scniwA  inci  eases 
after  six  months  of  age,  and  decreases  as  soon  as  a  greater 
variety  of  foods  is  added  to  the  diet.  Some  years  ago 
scurvy  was  observed  rather  commonly  up  to  the  agv  oi 
twelve  to  fifteen  months.  At  the  present  time  scurvy  is  an 
imcommon  disease  at  any  age.  AVhen  it  is  observed,  its 
occurrence  usuallv  is  not  to  lie  attributed  to  the  motlier  s 
lock  of  knowledge  of  the  fact  that  orange  juice  or  some 
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substitute  should  be  given:  often  tlie  mother  eoncludes  that 
orange  juice  has  caused  a  digestive  disturljance  and  she 
omits  it  from  tlie  diet  witliout  sul)stitution  of  another 
source  of  vitamin  C. 

Pathology 

Tlie  most  obvious  changes  in  scurvy  are  dependent  on 
extravasation  of  blood  through  capillary  walls.  The  hemor¬ 
rhages  that  result  are  not  associated  with  abnormalities 
of  blood  coagulation,  but  apiiarently  are  caused  by  changes 
in  the  vessel  walls.  These  changes  are  not  detected  by 
the  usual  histological  examination.  They  are  dependent, 
presumably,  on  relative  lack  of  cement  substance  between 
the  cells  of  the  capillary  walls  and  perhaps  on  failure  of 
growth  of  supi)orting  connective  tissue  and  deficient  ])ro- 
duction  of  collagen.  Ascorbic  acid  seems  to  be  essential 
for  growth  of  connective  tissue — a  relationship  which  is 
important  also  in  the  healing  of  wounds. 

The  most  characteristic  changes  of  scurvy  are  those 
which  take  place  in  the  liones.  All  bones  of  the  body 
are  affected,  but  the  abnormalities  are  most  prominent 
and  most  easily  detected  in  the  long  bones.  In  scurvy  un¬ 
complicated  by  rickets,  provisional  calcification  in  the 
metaphysis  ]n’oceeds  normally,  but  the  newly  calcified 
osteoid  tissue  is  not  converted  into  normal  bone.  In  the 
noimal  gi'owth  of  bone  the  newly  calcified  osteoid  tissue  is 
invaded  by  growing  capillary  tufts  and  becomes  trabecu- 
lated  by  osteoclastic  and  osteoblastic  activity.  AVhen  vita¬ 
min  C  is  deficient,  the  formation  of  new  capillary  tufts  is 
letaided  or  stopped,  and  osteoblasts  are  greatly  decreased 
in  number  and  function.  Thus  one  of  the  characteristics 
of  scurvy  in  infancy  is  a  broad,  fairly  dense  line  or  band 
ot  provisional  calcification  in  the  metaphvsis  and  in  other 
areas  where  new  bone  is  lieing  formed.  In  the  epiphysis 
the  broadened  line  of  calcification  appears  as  a  ring  about 
the  bone.  In  association  with  this  band  of  increased  calci- 
cation  in  the  metaphysis  and  immediately  adjacent  to  it. 


Fis  24  —Scurvy.  Early  ra(liological  signs.  Note  ground-glass  appearance 
of  slfafL;  narrVdense  ?ing  round  epiphyseal 

provisional  calcification  in  the  .netaphyses,  '' ‘‘1*  ^ 

immediately  beyond,  and  spurs  at  outer  edges  of  the  metaphyses. 
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usually,  is  a  narrow  band  of  rarefaction  of  the  bone  of  the 
shaft.  The  band  of  rarefaction  is  often  called  the  scurvy 
line.  The  bone  of  the  entire  shaft  is  affected,  but  to  a  much 
less  conspicuous  degree  than  that  of  the  metaj)hysis.  In 
normal  bone  osteoclastic  and  osteoblastic  activity  is  con¬ 
tinuous,  with  the  maintenance  of  good  trabeculation.  In 
scurvy  the  formation  of  tral)eculae  is  im])aired,  chiell\  be¬ 
cause  of  decreased  osteoblastic  activity.  3die  resulting 
poor  trabeculation  causes  a  homogeneous  ground-glass  ap¬ 
pearance  of  the  bone  in  a  radiograph.  For  these  same 
reasons  the  cortex  of  the  bones  l)ecomes  tbin  and  the  entire 
bone  is  softer  than  normal  (Fig.  24). 


Fig.  25.  Scurvy.  Subperiosteal  hemorrhage. 


I  he  nietapliyseal  ends  of  the  bones  become  increasingly 
fi agile  and  in  advanced  scurvy  fracture  with  epiphyseal 
sepal ation  is  common.  '^Idie  fractui'es  occur  with  trauma 
that  ordinarily  would  lx*  negligible.  44iey  occur  through 
the  rarefied  band  of  bone  next  to  the  metap'hysis  moi-e  often 
tlian  tlirouKli  tlie  band  „l'  inci-nased  piovisiolial  ossification. 

Idle  bone  nian-ow  also  is  affected  in  scurvy.  On  liisto- 
logical  examination  it  may  have  lost  much  of  its  resem- 
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blance  to  normal  marrow  and  may  have  taken  on  the  ap¬ 
pearance  of  loose  connective  tissue. 

In  advanced  scnrvj^  hemorrhages  almost  always  are 
found  in  relation  to  the  bones.  They  are  found  more  fre¬ 
quently  in  tlie  bones  of  the  thighs,  legs,  and  upper  arms 
than  in  other  bones  of  the  body.  Idie  hemorrhage  char¬ 
acteristically  is  subperiosteal,  with  its  point  of  origin  at  the 
metaphysis.  As  the  hemorrhage  increases  in  size,  the  peri¬ 
osteum  is  stripped  from  the  bone.  These  hemorrhages  de¬ 
velop  as  tumor  masses,  with  the  greater  part  of  the  swell¬ 
ing  near  the  joint  (Fig.  25).  AVhen  the  subperiosteal 
hemorrhage  first  occurs,  it  is  more  difficult  to  detect  radio¬ 
graphically  than  later,  when  the  periosteum  has  formed 
a  small  amount  of  bone  in  its  new  location. 


Symptoms 

The  sym])toms  of  scurvy  develoj)  gradually  and  in¬ 
sidiously.  An  infant  who  previously  may  have  been  thriv¬ 
ing  begins  to  take  feedings  ])oorly.  (fain  in  weight  ceases 
and  actual  loss  may  occur.  The  ini  ant  loses  his  colo-r,  be¬ 
comes  ])rogi‘essi vely  jialer,  is  fretful,  pei^vish  and  irritable, 
and  resents  handling.  Little  or  no  fever  is  present.  One 
of  the  early  signs  of  scurvy  is  an  increase  in  the  ])ulse  rate 
to  150  or  more  and  a  coincident  increase  in  the  respiratory 
rate,  but  not  to  a  ])roportionate  degree. 

The  first  synqitom  that  usually  arouses  the  definite 
suspicion  of  scurvy  is  tenderness  of  the  extremities,  espe¬ 
cially  of  the  lower  extremities.  The  child  cries  out  with 
pain  when  the  dia])er  is  changed  or  when  the  legs  are 
moved  A  slight  degree  of  swelling  over  the  tender  ex¬ 
tremities  may  be  present.  Coincident  with  the  appearance 
of  tenderness,  a  tendency  to  hemorrhages  is  noted.  The 
skin  bruises  easily,  even  slight  trauma  being  followed  by 
more  or  less  extensive  ecchymosis.  The  gums  are  con¬ 
gested,  especially  along  the  edges  adjacent  to  erupted  teeth. 
If  the  teeth  have  erupted,  or  if  they  are  pist  under  t  le 
surface  of  the  gums,  hemorrhage  may  occur  into  the  tissues 
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of  the  gmiis  about  the  teetli,  making  the  gums  swollen  and 
purple.  A  frequent  location  of  hemorrhages  is  under  the 
mucous  membrane  covering  the  hard  palate. 

Even  in  the  early  stages  of  scurvy,  red  blood  cells  may 
be  found  in  the  urine  by  microscopic  examination.  In  those 


instances  in  which  the  symptoms  are  recognized  as  being 
indicative  of  scurvy  and  in  which  suitable  antiscorbutic 
treatment  is  instituted,  all  the  symptoms  rapidly  dis¬ 
appear;  but  if  the  condition  is  untreated,  it  i3rogresses. 

In  a  case  of  fully  developed  scurvy  the  symptoms  are  un¬ 
mistakable:  the  affected  extremities  are  swollen  over  the 
areas  of  subperiosteal  hemorrhages;  v  o  TTnta/T  t 
absent  and  extreme  pain  is  produced  by  passive  movements. 
Hemorrhages  occur,  not  only  under  the  skin,  but  often  from 
the  mucous  membranes,  the  nose,  and  the  intestinal  tract. 
The  mouth  may  be  the  seat  of  ulcerative  stomatitis  with  the 
production  of  a  foul  breath  ;  the  teeth  may  become  loosened 
and  may  be  lost.  Hemorrhage  from  the  kidneys  may  be 
sufficiently  great  to  lead  to  macroscopic  hematuria.  A\nien 
hematuria  is  gross,  albumin,  casts,  and  Avhite  blood  cells 
are  generally  present  in  the  urine.  Some  fever  almost  in¬ 
variably  is  ])resent  in  cases  of  severe  scurvy;  the  tempera¬ 
ture  may  be  as  high  as  38.5  or  39°  0.  (101  or  102°  F).  A 
severe  degree  of  anemia  occurs.  AVe  have  observed  a  I'ed 
l)lood  cell  count  as  low  as  900,000,  with  a  hemoglobin  value 
of  1.5  grams.  Emaciation  is  characteristic  for  babies  with 
scurvy  of  long  duration.  Sometimes  the  heart  is  found 
enlarged  as  a  result  of  scurvy,  the  enlargement  being 
dependent  on  myocardial  weakness. 


Diagnosis 

It  is  rather  seldom  that  other  conditions  must  be  con¬ 
sidered  in  differential  diagnosis  in  cases  of  scurvy  The 
history  of  deprivation  of  vitamin  C  is  of  value  when  it  is 
(  efimte.  The  statement  that  the  baby  has  been  receiving 
vi  amm  C  is  not  always  trustworthy.  Determination  of 
the  amount  of  ascorbic  acid  in  the  lilood  is  helpful,  but  not 
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necessary  for  dia^’iiosis.  Inttle  or  no  ascorbic  acid  is  to 
lie  found.  Scurvy  does  not  affect  the  calcium  and  plios- 
pliorns  levels  in  the  blood,  hut  phosphatase  is  f2;reatly 
reduced. 

4  lie  heniorrhag’es  of  jmrjnira  do  not  have  the  same  dis¬ 
tribution  as  those  of  scurvy.  Rarely  are  purpuric  hemor¬ 
rhages  found  suliperiosteally  in  the  bones,  though  at  times 
they  may  occur  in  the  joints.  In  nearly  all  instances  of 
bleeding  from  hemorrhagic  diseases  other  than  scurvy, 
some  defect  is  to  be  found  in  the  blood-clotting  mechanism. 
Henoch’s  abdominal  purpura  and  Schoenlein’s  rheumatic 
])urpura  are  exce]itions,  but  these  conditions  seem  not  to 
occur  in  infancy. 

The  failure  to  move  the  extremities  because  of  pain  is 
spoken  of  as  pseudoparalysis.  The  distinction  between 
pseudo-  and  real  jiaralysis  usually  is  not  difficult.  Except 
for  a  ])eriod  of  hyperesthesia  and  muscle  spasm  in  polio¬ 
myelitis,  ])ain  is  not  to  be  exjiected  on  passive  motion  in 
instances  of  actual  ])aralysis.  Pseudoparalysis  is  caused 
also  by  the  osteochondritis  of  infantile  syphilis.  Further¬ 
more  the  radiogra])hic  changes  of  syphilitic  osteochondritis 
and  of  scurvy  have  features  in  common.  It  is  of  some 
assistance  to  know  that  osteochondritis  of  congenital  syph¬ 
ilis  always  has  its  onset  before  six  months  of  age,  Avhereas 
scurvy  rarely  becomes  manifest  before  the  age  of  six 
months.  Congenital  syiihilis  is  not  associated  with  hemor¬ 
rhages  after  the  neonatal  period.  Finally  serologic  and 
therapeutic  tests  will  remove  all  doubt  as  to  which  disease 

is  present. 

A  disease  entity  that  may  be  confused  with  scurvy  has 
been  described,  but  it  has  not  yet  received  a  generally 
accepted  name.  Caffey  has  described  the  disease  undei  the 
name  Infantile  Cortical  Hyperostoses.  The  disease  is 
characterized  by  irritability,  fever,  anemia,  leukocytosis 
and  changes  in  periosteum.  The  disease  has  been  observed 
in  a  few  children  between  two  and  three  years  of  age,  but 
chiefly  it  is  a  disease  of  early  infancy,  having  its  onset  in 
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most  instances  under  six  months  of^age.  The  cause  is  un¬ 
known.  No  pathogenic  organism  has  been  found  in  asso¬ 
ciation  with  the  disease.  Viruses  have  not  been  investi¬ 
gated.  Because  of  the  ^\4despread  bone  involvement,  the 
disease  has  been  considered  as  possibly  of  metabolic  oiigin. 
Fever  is  moderate  and  intermittent  and  the  white  blood 
cell  count  is  varialhe.  The  baby  is  l)rought  for  care  usually 
because  of  irritability  and  pain  on  handling.  Roentgeno¬ 
grams  of  the  affected  bones  show  chiefly  elevation  of  the 
periosteum.  In  the  long  bones  the  periosteal  reaction  is 
greater  along  the  shafts  than  in  the  metaphyseal  regions. 
The  thickened  periosteum  has  a  laminated  appeai-ance.  No 
scurvy  line  is  present.  Trabeculation  is  good  and  the  bones 
do  not  have  a  ground-glass  a])pearance.  The  epiifliyses  do 
not  have  a  circumscribed  line  of  increased  density.  No 
liemorrhages  are  present.  Any  bones  may  be  affected,  in¬ 
cluding  the  bones  of  the  face.  Phosphatase  is  either  in¬ 
creased  or  normal.  The  disease  does  not  respond  to  vita¬ 
min  C,  sulfonamide,  or  penicillin  therapy.  In  fact,  relapse 
may  occur  during  intensive  ascorbic  acid  thera])y.  The 
disease  often  is  chronic,  lasting  several  months,  but  the 
prognosis  is  good. 

If  scurvy  and  rickets  should  be  present  simultaneously, 
the  radiographic  diagnosis  of  scurvy  may  be  somewhat 
difficult.  Rickets  prevents  the  formation  of  the  line  of 
provisional  ossification  in  the  metaphysis,  and  this  line  is 
important  in  the  radiographic  diagnosis  of  scurvy.  In  the 
]n  esence  of  rickets  it  may  be  imjiossible  at  times  to  make  a 
diagnosis  of  scurvy  on  tlie  basis  of  roentgenograms  alone. 


Treatment 

Tlie  treatment  of  scurvy  cmisists  in  tlie  aclministratiun 
ot  ascorliic  aeul  or  of  foods  coiilainiiiK  it.  Fruit  juices  and 
tomato  .juice  are  customary  .sources  of  this '  material. 

range  juice  is  the  most  comnioiily  used  source  for  infants 
Although  .30  ml.  (one  ounce)  of  orange  juice  daily  will  cure 
infantile  scurvy,  the  response  is  slower  than'  if  Uii-er 
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amounts  are  given.  One  liundred  twenty  milliliters  (four 
ounces)  daily  will  bring  about  rapid  relief.  Synthetic  or 
natural  ascorbic  acid  will  produce  relief  similarly  when 
administered  in  amounts  comparable  to  those  contained 
in  the  proposed  amounts  of  orange  juice.  Orange  juice  has 
an  average  ascorliic  acid  content  of  approximately  50  mg. 
to  100  ml.  (15  mg.  to  the  ounce).  It  is  seldom  that  paren¬ 
teral  administration  ol'  ascorbic  acid  would  be  indicated; 
however,  it  is  jironiptly  (dTective  when  given  intravenously 
as  the  sodium  salt. 

AVithin  twenty-roiir  lioui's  aft(‘r  the  beginning  ot  asc.orliic 
acid  tliera])y  marked  deci'i^ase  in  ])ain  is  to  be  noted  when 
the  extremities  are  moved.  In  tlie  milder  forms  of  the 
disease  all  ])ain  may  have  disa])])eared  in  this  ]ieriod  of 
time.  The  time  reipiired  for  complete  ivcovery  depends  on 
the  amount  ol*  damag(‘  ])resent.  Re])arative  ])rocesses  be¬ 
gin  immediately,  but  the  bones  may  not  resume  their  nor¬ 
mal  a])])ea ranee  and  structure  for  several  weeks  or  even 


longer. 

Other  than  the  administration  of  vitamin  Cl  the  treatment 
of  scurvy  is  sym])tomatic.  Iron  nuMlication  is  lieljiful  in 
combating  the  anemia.  II  the  anemia  is  severe,  blood 
transfusion  is  advisable.  Only  rarely  and  in  instances  of 
most  severe  scurvy  will  oidliopedic  measui'es  become  neces- 
sarv  for  the  com^ction  of  bone  deformities.  Tn  cases  of 
epiphyseal  se])aration  no  special  treatment  is  indicated 
even  though  dis])lacement  has  occurred.  Ckirrection  occurs 
spontaneously  during  the  ])eriod  of  recovery  from  scurvy. 


CHAPTER  XXXII 
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Collection  of  Urine 


The  method  for  collection  of  urine  in  infants  depends 
on  what  is  desired  in  the  way  of  study.  For  the  usual 
routine  examination  of  approximate  acidity,  albumin  and 
sugar  content,  sediment,  etc.,  special  precautions  in  collec¬ 
tion  need  not  be  observed.  All  that  is  desired  is  the  collec¬ 
tion  of  a  clean  sample.  In  male  infants  this  is  done  by 
strapping  the  projjer  sized  test  tube  in  place  with  a  cloth 
T-binder.  Adhesive  tape  may  be  used  instead  of  the  cloth, 
but  if  several  specimens  are  re(piired  the  frequent  re¬ 
moval  of  the  adhesive  tape  will  cause  excoriation  of  the 
skin.  The  cloth  binder  is  provided  with  a  hole,  through 
which  the  test  tube  is  placed,  and  if  the  test  tube  has  a 
sufficiently  large  lip  it  will  not  slip  through  the  hole  after 
the  binder  is  strapped  (Fig.  2()). 


In  the  case  of  the  female  infant  a  similar  test  tube  may 
be  used,  fastened  accurately  in  place  with  a  square  piece 
of  adhesive  plaster.  It  is  better,  however,  to  use  an  ordi¬ 


nary  canary  bird  feeding  trough.  The  edges  of  the  hole 
in  the  trough  are  covered  with  adhesive  tape  to  j^revent 
excoriation.  ^Idie  trough  is  placed  in  the  proper  position  so 
that  when  the  infant  is  lying  on  her  back  the  hole  will  be 
u])permost  (Fig.  27).  The  trough  is  anchored  in  place  with 
a  T-bmder,  two  arms  of  which  are  placed  around  the  ab¬ 
domen,  the  third  passing  between  the  buttocks,  and  bein- 
pinned  m  back  to  the  other  two.  In  either  case,  after  the 
test  tube  or  trough  has  been  placed,  it  is  necessary  to  pre- 

IrinP  T  tl>e  collected 

uiine.  Eor  tins  purpose  restraints  are  used  by  means  of 

tress'  ‘0  tl'e  mat- 
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For  tweiity-foiir-lioiir  collection  of  urine  from  male 
infants  a  rubber  glove  finger  and  adhesive  tape  are  sub¬ 
stituted  for  the  test  tube  and  liinder.  The  glove  finger  is 
placed  over  the  penis  and  is  attached  to  the  pubes  and 
u])]ier  portion  of  the  scrotum  by  means  of  adhesive.  The 


Fig.  26. — “T”  binder  with  test  tube  attaclied  for  collection  of  urine  from 

male  infant. 


io" - > 


iunction  between  the  rubber  and  adhesive  is  reinforced 
outside  and  inside  by  small  diamond-shaped  pieces  o 
adhesive.  ^Idie  tip  of  the  glove  linger  is  cut  off  and  the 
rubber  finger  is  joined  with  adhesive  tape  to  ^ 

The  -lass  tiilie  is  connected  with  siilhcient  rubber  tubing 
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to  reach  nearly  to  tlie  bottom  of  the  collecting  bottle,  which 
is  taped  to  the  end  of  the  crib.  The  head  of  the  crib  should 
be  raised  a  few  inches  to  permit  drainage.  The  baby’s 
feet  should  be  restrained  with  stockinet  tapes,  so  that  they 
do  not  get  tangled  with  the  collecting  tubes.  A  few  milli¬ 
liters  of  toluol  in  the  collecting  bottle  acts  as  a  ]u-eservative. 

If  urine  is  to  be  collected  for  bacteriologic  study,  it  is 
best  in  the  case  of  both  male  and  female  infants  to  olitain 
specimens  by  catheterization.  If  urine  is  to  be  collected  for 
a  study* that  includes  determination  of  ])IT,  it  is  necessary 
to  prevent  loss  of  carbon  dioxide  from  exposure  to  air  and 
to  prevent  bacterial  growth  after  collection.  In  such  in¬ 
stances  the  collecting  tube  extends  to  the  bottom  of  tbe 
bottle  which  contains  a  layer  of  mineral  oil  and  a  few  milli¬ 
liters  of  toluol. 

Urine  Cultures 

A  satisfactory  method  for  determining  the  presence  of 
such  bacteria  as  colon  or  typhoid  bacilli  or  staphylococci 
in  the  urine  is  to  deposit  a  drop  of  the  centrifuged  sediment 
of  a  catheterized  specimen  of  urine  on  a  x^oured  Petri  x:)late 
of  bromcresol  medium,  using  a  platinum  loop,  and  on  a  sec¬ 
ond  plate  five  to  ten  drops.  The  surface  of  each  is  smeared 
over  with  a  sterile  platinum  wire,  first  sxireading  the  single 
diop  ovei  its  plate  and  then  the  second  plate  containing 
a  larger  amount  of  the  urine.  After  twenty-four  hours’  iiu 
cubation,  isolated  colonies  when  present  can  be  picked, 
smeared  for  microscopic  examination,  and  subcultured  for 
identification.  For  such  organisms  as  pneumococci  and 
sti  eptococci,  jilates  of  blood  agar  are  used. 


Stool  Cultures 

In  general,  ciilturul  examination  of  the  stool  is  limited 
to  a  search  for  typhoid  and  dysentery  bacilli.  To  isolate 
these  from  the  colon  bacilli  normally  present  in  the  stooli 
.  pecial  solid  culture  medium  containing  1  per  cent  of  lactose 
and  an  indicator  is  used.  Lactose-litnms-agar  or  lactose- 


462 


INFANT  NUTRITION 


bromcresol  purple-agar  plates  are  quite  satisfactory.  It  is 
essential  that  the  stool  specimen  should  be  fresh.  It  may  be 
obtained  by  inserting  a  sterile  catheter  into  the  rectum  and 
collecting  the  mateidal  caught  in  the  “eye”  of  the  catheter; 
a  sterile  cotton-tipped  a])plicator  may  be  used  instead  of 
the  catheter;  or  a  Heck  of  bloody  mucus  from  a  freshly 
])assed  stool  may  be  used.  The  material  is  emulsified  in  a 
small  amount  of  sterile  salt  solution  or  broth,  and  a  drop 
of  this  emulsion  is  -jilaced  on  the  dry  surface  of  such  a 
]date.  This  material  is  smeared  ovei-  the  surface  of  the 
medium  with  a  sterile  bent  glass  rod  or  wire.  After  in¬ 
cubation  for  twenty-four  hours,  the  isolated  colonies  of 
bacteria  which  develop,  if  colon  bacilli,  |)roduce  acid  from 
fermentation  of  lactose  and  change  the  color  of  the  medium. 
If  litmus  is  used,  the  acid  changes  the  color  to  red,  and  it 
bromcresol  purple  is  used,  to  yellow.  Typhoid,  paraty- 
})hoid,  and  dysentery  bacilli  do  not  ferment  lactose  and, 
therefore,  do  not  alter  the  color  of  the  indicator.  Such 
colonies  may  be  identified  by  the  usual  bacteriological 

methods. 

Pinworm  Ova 


A  simple  and  expeditious  method  of  search  for  pinworm 
ova  is  based  on  the  use  of  transparent,  sticky  tape.  Such 
a  tape  is  fastened  over  the  end  of  a  tongue  depiessoi, 
sticky  side  out,  and  rubbed  over  tlie  skin  around  the  anal 
orifice.  The  tape  is  then  removed,  the  sticky  sale  attached 
to  a  glass  slide,  and  examined  under  a  microscope.  Tlie 
best  time  to  examine  for  such  ova  is  in  the  morning  be¬ 
fore  the  niglit  clothing  has  been  removed  or  the  child  has 

passed  a  stool. 

Collection  of  Blood 


The  technique  of  collection  of  blood  depends  on  what  is 
to  be  studied.  If  only  a  few  drops  of  blood  are  needed,  as 
for  determination  of  clotting  time,  hemoglobin,  blood  type 
or  cell  counts,  sullficient  blood  can  be  withdrawn  from  he 
heel  of  infants  or  from  the  finger  of  children.  1  he  sKii  - 
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cleansed  witli  alcoliol  or  acetone  and  punctured  to  a  deptli 
of  1.5  to  2  nun.  with  a  sterile  Bard-Parker  bayonet-type 
scalpel  blade.  The  finger  or  lieel  is  not  squeezed  as  dilu¬ 
tion  Avith  tissue  fluid  is  not  desirable.  Excessive  bleeding 


Fig.  28.  Withdrawal  of  blood  from  frontanel. 


can  be  stopped  by  ])ressure  with  an  alcohol  sponge  or  dry 
gauze  The  finger  should  be  pricked  at  the  side  of  and 
parallel  to  the  bone.  Small  children  usually  are  less  frio-ht- 
ened  by  procedures  that  they  can  see  than  by  those  beyond 
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tlieir  line  of  vision;  hence  hngei-  ])ricking  is  a  less  clistress- 
ing  procedure  than  ])ricking  the  lohe  of  the  ear.  Further 
cooperation  often  is  obtained  by  allowing  the  child  to 
choose  which  linger  shall  he  ])ricked. 

For  many  hacteriologic,  serologic,  and  chemical  studies, 
the  amount  of  blood  necessary  is  such  as  to  require  veni¬ 
puncture.  Flood  may  he  drawn  from  any  of  the  following 
veins,  which  are  listed  in  the  order  of  their  accessihilitv 
in  the  infant;  sni)erior  longitudinal  sinus,  external  jugular, 
internal  jugular,  femoral,  saphenous,  and  antecuhital  veins. 
Fach  source  requires  a  special  technique. 


Fig.  29. — Withdrawal  of  blood  from  external  jugular  vein. 

ISIooil  c-aii  lie  witlidrawn  from  tlie  sniierior  longitudinal 
sinus  so  long  as  tlie  antei'ior  fontanel  is  open,  lint  blood  oi 
llnid  slionld  lie  introdnced  by  tins  route  only  in  an  enier- 
n-enev  A  sliortdieveled  20  to  22  gauge  needle  about  1  to 
1.3  cm.  long  is  preferred.  Tbe  infant  is  wrapped  in  a  sliee 
with  his  arms  at  his  sides  (mnnimied)  and  is  placed  flat 
on  the  table  in  the  supine  position  with  the  head  held  liim  > 
by  an  assistant.  Tbe  scalp  over  tbe  anterior  fontanel 
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cleansed  with  iodine  aiul  alcohol.  The  needle  is  inserted 
at  the  posterior  apex  of  the  fontanel,  directed  posteriorly 
at  an  angle  of  45  degrees  or  less.  It  is  inserted  to  a  depth 
of  only  about  1  cm.  in  order  to  avoid  passing  completely 
through  the  sinus.  After  the  needle  is  removed,  pressure 
is  applied  with  an  alcoliol  si)onge  to  check  bleeding. 


Fig.  30. — Withdrawal  of  blood  from  internal  jugular  vein. 

For  use  of  the  external  jugular  vein  a  needle  of  fairly 
large  gauge  (18-20  usually)  is  selected.  A  needle  of  fairly 
short  bevel  is  desiralile.  The  shorter  bevel  lessens  the  risk 
of  transfixing  the  vein  which  may  cause  extravasation  of 
blood  around  the  vein.  The  infant  is  mummied  and  is  held 
firmly  on  his  back  with  the  liead  lower  than  the  shoulders, 
either  by  use  of  a  sandbag  under  the  shoulders  or  by  hold¬ 
ing  the  head  lower  tlian  the  edge  of  the  table.  The  head 
is  turned  so  as  to  bring  the  external  jugular  vein  upper¬ 
most  With  one  hand  ])ulling  down  on  the  upjiermost 
shoulder  and  with  the  other  hand  holding  the  head,  a  sin-le 
attendant  is  able  to  hold  the  jiarts  firmly.  After  cleansincr 
the  skin,  the  vein  is  entered  from  above.  After  the  needle 
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has  entered  the  vein  for  a  distance  of  one-qiiarter  to  one-' 
half  inch,  the  plunger  of  the  syringe  is  Avithdrawn  slowly 
and  blood  is  aspirated  into  the  syringe.  The  blood  is  then 
discharged  from  the  syringe  into  a  suitable  container. 

When  blood  is  to  be  taken  from  the  internal  jugular 
vein,  the  infant  is  restrained  in  the  supine  position  and 
the  skin  prepared  with  iodine  and  alcohol.  A  long,  18-20 
gauge,  short  beveled  needle  is  inserted  through  the  skin 
at  a  point  midway  between  the  mastoid  jirocess  and  the 
medial  end  of  the  clavicle.  The  needle  is  so  inserted  that 
it  passes  posterior  to  and  just  beneath  the  sternocleido¬ 
mastoid  muscle  and  is  directed  toward  the  median  end  of 
the  clavicle.  Usually  the  needle  must  lie  inserted  about  one 
inch.  After  the  needle  is  removed,  ])ressure  should  be  ap- 
])lied  Avith  an  alcohol  sponge  for  at  least  a  minute  to  pre¬ 


vent  hemorrhage. 

For  AvithdraAval  of  blood  from  the  femoral  A’ein  the  bahy 
is  restrained  in  the  supine  position,  the  selected  thigh  ro¬ 
tated  externally,  adducted,  and  slightly  flexed.  The  skin 
is  cleansed  as  usual.  The  femoral  artery  is  located  by  pal¬ 
liation  just  below  the  inguinal  ligament  near  its  midpoint. 
The  needle,  an  18-20  gauge,  long  needle,  is  inserted  just 
medial  to  the  artery  and  approximately  one  inch  below 


the  inguinal  ligament  and  directed  towaid  the  ligament  at 
an  angle  of  45  degrees.  After  withdrawal  of  the  needle, 
pressure  should  be  applied  to  preAumt  hemorrhage. 

The  internal  sa])henous  and  antecubital  veins  of  infants 
iire  entered  in  tlie  same  manner  as  witii  older  iiersons.  No 
special  preca>itions  other  than  immobilization  are  neces- 

Tf  the  blood  is  to  be  used  for  ordinary  serologic  examina- 
tion,  snch  as  the  Wassermann  test,  it  is  discharged  into  a 
clean  test  tube.  No  siiecial  iirecautions  are  necessary,  it 
the  blood  is  to  he  n.'ied  for  chemical  determinations  wherein 
whole  Wood  or  plasma  is  specilied,  the  tubes  shoiild  contain 
a  small  amount  of  ilry  oxalate.  Oxalate  s,i  I, cient  to  p.e- 
■  vent  clotting  of  15  ml.  of  blood  is  provided  when  0.1  ml. 
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of  a  20  per  eeiit  ])otassiiiin  oxalate  solution  is  dried  in  the 
tube,  conveniently  done  by  placing*  the  rack  of  tubes  on 
a  hot  plate  at  low  beat.  If  tlie  calcium  content  is  to  be 
determined,  oxalate  must  not  lie  added  to  the  tubes. 


Fig.  31. — Withdrawal  of  blood  from  femoral  vein. 


If  the  blood  is  to  lie  examined  for  pH  or  carbon-dioxide 
content,  its  ex])()sure  to  the  air  should  be  prevented.  Before 
it  clots,  the  blood  should  be  discharged  under  the  surface 
of  mineral  oil  in  a  test  tube.  After  the  blood  has  been  ob¬ 
tained  in  the  syi-inge,  the  needle  may  be  removed  from  the 
syringe  and  a  long  spinal  needle  may  be  attached  so  that 
the  surface  of  the  oil  may  be  reached.  A\dien  blood  is  to  be 
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cultured  for  bacteria,  strict  aseptic  technique  must  be  em¬ 
ployed,  including  the  flaming  of  the  mouth  of  the  flask  con¬ 
taining  the  dextrose  broth  into  which  the  blood  is  dis¬ 
charged. 


Grouping  and  Matching  of  Blood  for  Transfusion 

Blood  grouping  or  matching  may  l)e  carried  out  Avith  as 
little  as  one  quarter  of  a  milliliter  of  blood.  Two  dro])s 
of  serum  are  necessary  and  cells  may  be  obtained  by  plung¬ 
ing  a  Avooden  a])])li('ator  into  the  clot  and  then  introducing 
the  applicator  into  a  small  test  tube  containing  b  ml.  of 
normal  salt  solution.  The  remainder  of  the  clotted  blood 
may  be  preserA^ed  in  a  refrigerator  at  3°  C.  for  future  use. 
Cell  suspensions  in  salt  solution  do  not  preserve  AA^ell 
enough  to  Avarrant  saving  them,  and  a  fresh  cell  suspension 
(Uin  be  made  from  the  clotted  blood  that  has  been  ])re- 
seiwed. 


The  practice  of  A’ein  conservation  in  small  infants  is  im- 
])ortant.  In  order  to  saAm  all  ])0ssible  Amins  for  the  trans¬ 
fusion,  a  sufficient  amount  of  capillary  blood  may  be  ob¬ 
tained  for  matching. 

The  folloAving  method  for  blood  matching  is  recom¬ 
mended  :  Tavo  slide  preparations  are  made :  (1)  a  drop  of 
the  recipient’s  serum  mixed  Avith  a  drop  of  the  donor’s  cell 
suspension,  and  (2)  a  drop  of  the  donor’s  serum  mixed 
Avith  a  drop  of  the  recipient’s  cells.  The  preparation  should 
be  agitated  in  some  manner.  The  slides  may  be  tilted  in 
various  directions  or  shaken  gently.  After  15  to  oO  min¬ 
utes,  agglutination  or  hemolytic  reaction  can  be  detected. 
An  alternate  method  is  to  place  a  dro])  each  of  the  appro¬ 
priate  serum  and  cell  sus]iension  in  a  serologic  test  tulie, 
together  Avith  one  drop  of  isotonic  saline  solution,  and  cen- 
ti-ffuge  foi-  one  minute  at  500  to  2,000  revolutions  a  minute. 

Compatibility  tests  ])erformed  in  the  preceding  manner 
will  not  detect  the  ])resence  of  most  acquired  aiitiliodies. 
such  as  anti-Bh  and  anti-Hr  antibodies.  These  combine 
with  specific  agglutinogens  slowy  and  maximally  at  a  tern- 
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peratiire  of  37°  (1  and  re(iiiire  special  liandlmg  as  tlie 
agglutinates  are  inncli  more  fragile  and  liarder  to  read  than 
those  formed  as  a  result  of  action  of  anti-A  or  anti-.l>  agglu¬ 
tinins.  In  these  cii-cnmstances  it  may  he  well  to  know  that 
wlien  a  newhorn  hahy  with  erythroblastosis  fetalis  re- 
(piires  a  lilood  transfusion,  the  erytlirocytes  of  the  mother, 
washed  free  of  all  lier  plasma,  will  always  lie  com])atihle 
with  the  hahy’s  plasma  during  the  first  ten  days  of  life. 
This  tyiie  of  transfusion  can  he  used  even  Avhen  the  Kh 
types  are  unknown. 


Blood  Transfusion 

Choice  must  be  made  between  direct  transfusion  and  in¬ 
direct  citrate  transfusion.  Direct  transfusion  seems  to 
jiossess  few,  if  any,  advantages  over  the  indirect  method. 
Many  institutions  have  adopted  a  system  of  blood  bank,  in 
the  use  of  such  a  system  it  is  necessary  to  give  transfusions 
hv  the  indirect  method,  and  usuallv  it  is  necessarv  also  to 
use  preserved  blood.  In  the  operation  of  a  blood  bank, 
blood  may  be  drawn  from  i-elatives  and  friends  of  iiatients 
1‘egardless  of  the  blood  type  of  the  donor.  If  the  blood  type 
of  the  donor  is  not  the  same  as  that  of  the  jjatient,  the 
donor’s  blood  is  exchanged  for  blood  of  the  correct  type  by 
means  of  the  bank.  Blood  is  drawn  from  the  donor,  tyjied, 
subjected  to  the  'Wassermann  test,  and  preserved  l)y  re¬ 
frigeration.  Little  evidence  exists  to  suggest  that  fresh 
blood  has  advantages  over  preserved  lilood. 

The  indirect  citrate  method  of  transfusion  lends  itself 
to  use  in  the  infant  better  than  does  the  direct  method. 
Some  of  the  advantages  of  the  indirect  method  are  as  fol¬ 
lows:  (1)  a  sufficient  quantity  of  blood  for  several  trans¬ 
fusions  may  be  obtained  from  the  donor;  (2)  the  blood  may 
be  administei  ed  to  tlie  patient  without  the  necessitj^  of 
cutting  down  on  the  vein;  (3)  the  superior  longitudinal 
sinus  can  be  used  if  necessary;  (4)  the  blood  mav  be  given 
more  slowly  than  with  the  direct  method,  and  in  the  absence 
of  the  donor;  (5)  the  apparatus  is  simple.  Tn  general,  the 
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indirect  is  preferable  to  the  direct  inetliod.  The  technique 
for  collecting  blood  is  carried  out  as  follows: 

A  simple  apparatus  useful  for  collecting  blood  consists 
of  a  500  ml.  flask  roughly  graduated  (an  adhesive  tape 
marker  is  satisfactory)  fitted  with  a  two  hole  rubber 
stopper.  Through  the  stopper  are  inserted  two  pieces  of 
glass  tubing,  one  of  which  extends  only  a  little  beyond  the 
stopper,  the  other  almost  to  the  bottom  of  the  flask.  The 
longer  tube  is  connected  to  the  needle,  the  shorter  to  a  suc¬ 
tion  apparatus.  If  suction  is  to  be  applied  by  the  mouth 
of  the  operator,  a  tra^)  is  a  necessary  part  of  the  system  in 
order  to  i)revent  contamination  of  the  flask  with  saliva. 
A  glass  tube  filled  with  cotton  makes  a  satisfactory  trap. 
The  tul)ing  used  for  connections  should  be  of  latex  or 
plastic  tubing  specilically  made  for  ti-ansfiisions.  If  new 
rubber  tubing  is  to  be  used,  it  should  be  soaked  in  5  per 
cent  solution  of  sodium  bicarbonate  for  3  to  4  hours,  then 
in  1  per  cent  hydrochloric  acid  for  an  ecpial  time.  It 
should  then  be  thoroiu>hlv  washed  and  allowed  to  stand 

i  ^  * 

twelve  to  twenty-four  hours  in  distilled  water  ])efore  using. 
The  entire  apparatus  is  sterilized  at  15  ])ounds  (7  kg.) 
pressure  for  30  miuutes. 

A  sterile  3.2  per  cent  solution  of  sodium  citrate  is  used 
as  the  anticoagulant,  in  a  volume  to  correspond  to  10  per 
cent  of  the  amount  of  the  blood  to  which  it  is  added.  The 
sodium  citrate  solution  is  introduced  into  the  tlask  by 
aspirating  it  through  the  iieedle  through  which  the  blood 
must  pass.  I  Or  exam])le,  oO  nd.  of  citrate  solution  should 
be  placed  in  the  flask  if  500  ml.  of  blood  are  to  be  drawn. 
The  needle  is  placed  in  the  donor’s  vein  and  the  blood  is 
aspirated  into  the  flask.  The  flask  is  agitated  continuously 
to  assure  a  thorough  mixture  of  the  blood  and  the  anti¬ 
coagulant.  When  the  proper  amount  of  blood  has  been 
secured,  the  stopper  and  tubing  are  removed  and  the  blood 
is  filtered  through  several  layers  of  sterile  cotton  gauze 
or  a  plastic  or  stainless  steel  mesh  filter  into  another  sterile 
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Fig.  32.-B100.1  transfusion.  Apparatus  for  giving  small  transfusions  usin 
a  oO  ml.  syringe  as  reservoir  for  blood. 
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flask,  which  is  stoppered  with  a  sterile  cotton  plug.  Blood 
so  obtained  may  be  kept  in  a  refrigerator  (3°  C.)  for  as 
long  as  a  week. 

For  giving  small  transfusions  of  less  than  100  ml,  a 
simple  apparatus  can  be  made  from  a  50  ml.  syringe  witli 
the  plunger  removed  (Fig.  32).  A  glass  flow-indicator  is 
inserted  in  the  delivery  tube  so  the  rate  of  flow  can  be 
controlled.  It  is  convenient  to  liave  a  small  glass  adapter 
at  the  end  of  the  tubing;  to  this  is  connected  a  short  piece 
(about  35  cm.  or  14  in.)  of  fine  tubing  about  3  mm.  inside 
diameter.  The  glass  needle-adapter  is  connected  to  the 
fine  tubing.  The  fine  tubing  is  more  flexible  and  thus  more 
easily  manipulated  than  the  lieavier  tubing  extending  from 
tlie  flask.  Ease  of  manipulation  is  important  in  placing 
the  needle,  particularly  into  the  small  veins  of  the  scalp, 
liand,  or  foot  (Fig.  33). 

Sufricient  pliysiological  saline  solution  is  poured  into  the 
syringe  so  that  the  tul)ing  and  needle  are  filled  and  about 
5  to  10  nd.  can  be  seen  in  the  reservoir;  the  tube  is  then 
clamped,  ilinger’s  or  other  solution  containing  calcium 
should  not  be  used  because  it  will  cause  clotting  of  the 
blood.  When  the  vein  is  entered,  blood  will  be  forced  back 
into  the  tubing  by  venous  pressure,  and  can  lie  seen  through 
the  glass  needle-adapter.  In  some  instances  it  may  be 
desirable  to  use  a  small  syringe  as  a  handle  for  the  needle 
in  entering  the  vein;  after  entry  the  syringe  is  removed  and 
the  needle  fitted  onto  the  adapter  of  the  transfusion  set. 
After  it  is  certain  that  the  vein  has  been  entered  fairly,  the 
clamp  is  removed  from  the  tube  and  the  fluid  is  alloved 
to  flow  into  the  vein.  The  needle  is  fixed  in  place  with 
strips  of  adhesive  tape.  When  the  rate  of  fluid  flow  has 
been  adjusted  satisfactorily,  the  blood  is  ])oured  into  the 
syringe  and  allowed  to  flow  into  the  vein.  A  second  por¬ 
tion  of  saline  solution  is  used  to  rinse  the  tubes,  insuring 
that  the  baby  receive  all  the  blood.  Blood  for  transfusion 
should  not  be  warmed  to  body  temperature  prior  to  admin- 
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Fig  p.— Blood  t  i  nns  fusion.  A  closer  view  of  the  infant  in  Fig.  32  showintr 
the  method  of  in.seitnig  a  length  of  fine  tubing  between  the  needle  and  the 
rubber  tubing  winch  is  connected  to  the  reservoir. 
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istratioii,  as  tJiis  procedure  may  cause  clianges  in  the  l)lood 
to  wliicli  systemic  reactions  are  attrilmted. 

For  administering  larger  amounts  of  hlood  a  2-llask  ap¬ 
paratus  is  useful.  One  variety  of  such  apparatus  is  shown 
in  Fig.  34.  One  flask  contains  hlood,  the  other,  saline  solu¬ 
tion  which  is  used  in  the  manner  previously  described  for 
starting  and  completing  the  transfusion.  Usually  little 
hydrostatic  |)ressure  (12  to  24  in.)  is  necessary  to  cause  the 
blood  to  enter  tlie  vein  at  a  desirable  rate.  If  the  child  is 
crying  vigorously,  however,  the  venous  pressure  during  the 
prolonged  expiratory  phase  of  respiration  may  increase  to 
siicli  a  point  that  the  blood  will  flow  in  the  wrong  direc¬ 
tion.  In  such  instances,  and  also  when  a  very  small  needle 
is  used,  it  may  be  necessary  to  use  several  feet  of  hydro¬ 
static  pressure.  An  adjustable  standard  is  useful  for  this 
purpose. 

In  general,  the  dosage  of  Idood  is  15  to  20  ml.  for  each 
kilogram  of  liody  weight,  given  at  the  rate  of  1  to  2  nd.  a 
minute.  A  convenient  indicator  for  determining  the  speed 
of  flow  is  a  Murphy  drip  luilb.  By  means  of  such  a  device 
the  rate  of  dropping  of  the  blood  may  be  observed.  A  less 
accurate  indicator  can  be  fashioned  by  ^ilacing  a  small 
amount  of  sterile  salt  solution  or  70  per  cent  alcohol  in  the 
bottom  of  the  glass  tubing  through  which  the  air  enters  the 
Hask  as  the  blood  leaves  it.  This  solution  is  sucked  up  the 
tubing  at  the  same  rate  that  the  blood  is  flowing  out.  As  it 
is  sucked  up,  it  gradually  coats  the  walls  of  the  glass  tubing 
until  finally  no  column  of  fluid  remains.  The  fluid  then  flows 
down  the  wall  by  gravity  and  collects  again  at  the  bottom 
of  the  tubing,  whence  it  is  sucked  up  as  before. 

When  the  indication  for  transfusion  is  a  reduction  in  Uie 
blood  volume  due  to  hemorrhage  (or  shock),  the  suggestion 
of  15  to  20  ml.  of  blood  for  each  kilogram  of  body  weight 
does  not  ajiply.  Tdie  amount  to  be  given  should  be  com¬ 
parable  to  that  which  has  been  lost.  AVhen  dealing  with 
cardiac  disease  or  pneumonia,  the  suggested  amount  of 
blood  may  be  given,  but  the  rate  of  flow  should  be  markedly 
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Fig.  84.-Blooa  transfusion.  Use  of  two  flasks,  one  containing  Mood 

Other,  normal  saline  solution.  ^  ’ 


476 


INFANT  NUTRITION 


reduced.  In  a  high  proportion  of  occasions  when  trans¬ 
fusion  is  indicated  in  infancy,  an  indication  exists  also  for 
other  fluids.  Thus  it  is  frequently  desirable  to  dilute  the 
blood  with  at  least  an  equal  volume  of  physiologic  salt  solu¬ 
tion.  Ringer’s  solution  must  not  be  used  because  of  the 
likelihood  that  clotting  will  occur  as  a  result  of  the  presence 
of  calcium  in  the  solution.  When  a  transfusion  is  con¬ 
templated  for  a  baby  with  marked  dehydration,  it  should 
be  preceded  by  the  administration  of  salt  solution  (see  p. 
304). 

The  small  veins  of  the  scalp  may  lie  used  for  transfusion 
in  infants  under  one  year  of  age.  The  firm  surface  of  the 
skull  makes  a  good  support  for  the  needle.  A  hypodermic 
needle  with  a  long  bevel  adapts  itself  well  to  this  use;  par¬ 
ticularly  excellent  is  the  Bard-Parker  type  (%  inch  or 
1.5  cm.  long  and  25  gauge),  since  the  shank  is  flattened. 
When  blood  has  been  strained  carefully  tlirough  a  wire 
strainer  in  which  are  placed  several  thicknesses  of  gauze 
sponges,  it  can  be  expecte<l  to  run  through  such  an  appara¬ 
tus  by  gravity.  The  flask  is  elevated  two  to  three  feet 
above  the  level  of  the  vein  (Pig.  35).  If  desired,  a  special 
apparatus  may  be  arranged  in  order  that  the  blood  may  be 
pumped  into  the  vein.  A  20  ml.  syringe  is  used  which  is 
equipped  with  a  three-way  stopcock.  The  tube  from  the 
flask  of  blood  is  attached  to  the  side  arm  of  the  stopcock. 
It  is  best  to  use  a  short  piece  of  rubber  tubing  with  an 
adapter  for  the  needle,  as  direct  attachment  of  the  needle 
to  the  syringe  makes  its  manipulation  awkward.  Blood 
can  then  lie  drawn  into  the  syringe  from  the  flask  and 
finally  forced  into  the  vein  after  the  stopcock  is  turned. 

The  scalp  is  shaved  over  the  area  where  a  vein  can  be 
seen  (usually  the  frontal  or  temporal  regions)  and  the 
area  is  painted  with  iodine  and  alcohol.  About  10  ml.  ot 
physiological  salt  solution  are  drawn  into  the  syringe  and 
the  vein  is  entered.  Because  of  the  size  of  the  vein,  with¬ 
drawal  of  blood  may  not  be  possible,  so  the  operator  makes 
sure  the  needle  is  in  the  vein  by  injecting  a  small  amount 
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of  the  salt  solution.  If  the  needle  is  outside  the  vein,  a 
small  lump  will  appear  at  the  end  of  the  needle.  In  this 
case  another  puncture  must  he  made  farther  down.  After 
one  is  sure  the  vein  has  been  entered,  the  transfusion  is 
carried  out  Ijy  one  of  the  two  procedures  described  above. 
Great  care  must  be  used  in  holding  the  needle  securely  in 
place  during  the  manipulations. 

In  some  instances  no  superficial  veins  large  enough  to 
permit  transfusion  can  be  seen  in  small  athreptic  infants, 
especially  when  dehydration  plays  a  prominent  role  in  the 
disease.  In  such  circumstances  the  problem  often  may 
be  solved  by  the  use  of  an  external  jugular  vein.  The  in¬ 
fant  is  “mummied”  securely,  and  a  sandbag  is  placed  un¬ 
der  the  shoulders.  The  veins  in  the  neck  usually  become 
distended  so  as  to  be  visible  when  the  infant  is  made  to  cry. 
Looseness  of  the  soft  tissues  of  the  neck  region  often  causes 
the  operator  to  transfix  the  vein  with  the  consequent  pro¬ 
duction  of  a  hematoma.  If  the  vein  has  been  transfixed,  the 
needle  should  be  withdrawn  quickly  at  the  earliest  evidence 
of  swelling,  and  pressure  should  lie  applied.  At  times, 
after  transfixation  the  external  jugular  vein  liecomes  promi¬ 
nent  and  can  be  entered  at  the  second  trial  (at  a  lower 


level)  with  ease. 

The  one  indication  for  use  of  a  particular  vein  is  its  ac- 
eessibility.  Often  the  antecubital  vein  is  sufficiently  large 
jind  visible  to  be  entered.  At  times  an  adequate  vein  may 


be  found  on  the  dorsum  of  the  foot  or  luind,  or  on  the 
mesial  asjiect  of  the  ankle.  When  other  veins  are  not 
available  the  femoral  is  sometimes  used.  It  is  often  sur¬ 
prisingly  easy  to  strike  this  vein  even  though  it  cannot  be 
seen.  In  infants  not  more  than  two  or  three  days  of  age 
it  is  often  possible  to  enter  the  umbilical  vein  easih. 

When  no  veins  are  easily  accessible,  transfusion  may  be 
given  by  Avay  of  the  bone  marrow  (Fig.  36).  This  route 
carries  somewhat  greater  risk  of  infection  than  the  intni- 
venous  and  strict  aseptic  technicpie  must  be  maintained 
A  special  18  gauge  needle  with  a  flat  bevel  and  a  stylet 
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is  used.  Liiinliar  piincture  needles  may  be  substituted. 
The  two  best  sites  in  the  infant  are  the  lower  third  of  the 
femur  and  the  ipiper  end  of  the  tibia.  If  the  tibia  is  used, 
the  site  of  injection  is  just  below  the  tuberosity  which 
lies  anteriorly  midway  between  the  median  and  lateial  con¬ 
dyles,  on  the  flat  medial  aspect  of  the  lione.  If  the  femui 
is  used,  the  prefei-red  site  is  in  the  midline  on  the  anterior 


Fig.  36. — Blood  transfusion  into  the  bone  marrow. 

surface  one  inch  (2.5  cm.)  above  the  lateral  condyle.  The 
needle  is  always  directed  away  from  the  epiphysis.  The 
skin  is  ])repared  by  cleansing  with  iodine  and  alcohol  and 
the  area  is  draiied  with  sterile  towels.  The  operator  wears 
sterile  gloves.  The  needle  is  inserted  at  the  selected  site, 
using  him  ])ressure  and,  after  the  bone  is  reached,  a  rotary, 
not  side  to  side,  motion.  When  the  medullary  cavity  is 
reached,  the  amount  •  of  resistance  is  sharply  decreased 
and  grating  will  be  felt.  As  soon  as  the  needle  is  in  the 
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medullary  cavity,  tlie  stylet  is  removed,  but  kept  sterile. 
A  syringe  is  attached  to  the  needle  and  a  small  amount  of 
marrow  is  removed  to  make  certain  that  the  needle  is  in 
the  marrow  cavity.  With  a  fresh  syringe  saline  solution 
in  the  amount  of  5  to  10  ml.  is  injected.  The  fluid  should 
enter  the  cavity  with  very  little  pressure.  The  flask  con¬ 
taining  blood  is  then  connected  to  the  needle  by  means  of 
a  glass  adajiter  or  a  special  curved  metal  tube  designed  for 
this  purpose.  The  same  precautions  are  used  to  avoid  in¬ 
troduction  of  air  or  blood  clots  as  for  intravenous  trans¬ 
fusion.  The  blood  is  allowed  to  flow  into  the  marrow  cav¬ 
ity  liy  gravity  or  by  means  of  a  syringe,  but  the  rate  should 
not  lie  more  than  4  ml.  a  minute.  After  the  transfusion  is 
started,  sterile  sponges  or  towels  should  be  placed  around 
the  needle.-  Immobilization  of  the  infant  should  be  ade¬ 
quate  to  prevent  movement  of  the  leg  and  displacement  of 
the  needle;  blood  flow  into  subperiosteal  or  tissue  spaces 
may  cause  necrosis.  Should  swelling  of  tissues  at  the  site 
of  injection  be  noted,  the  transfusion  must  lie  discontinued. 
After  the  needle  is  removed,  the  wound  is  covered  with  a 
sterile  dressing.  The  same  bone  should  not  be  used  within 
twenty-four  hours  after  completion  of  an  infusion.  Bone 
marrow  transfusion  is  contraindicated  in  general  sepsis 
and  in  osteomyelitis.  It  is  not  advised  for  infants  with 
erythroblastosis  or  congenital  anemias. 

In  liabies  with  open  anterior  fontanel  the  siipeiioi  longi¬ 
tudinal  sinus  is  easily  entered  by  a  needle,  itelatiyely 
little  danger  is  attaciied  to  the  use  of  the  longitudinal 
sinus  for  the  purpose  of  withdrawing  blood.  Even  if  the 
sinus  should  be  transfixed  accidentally  by  the  needle,  little 
dano-er  of  intracrancial  hemorrhage  exists.  The  danger  of 
administering  fluids  by  this  rente  is  definite.  Even  tliose 
wlio  seemingly  are  expert  in  tl.e  proeednre  nsnally  bnve 
dillicnlty  if  they  persist  in  the  practice.  Tlie  in.iection  o 
blood  or  otlier  material  over  the  cortex  of  tlie  brain  pro¬ 
duces  serious,  often  fatal,  results.  Consequently,  it  seems 
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best  to  recoiiiiiiend  tliat  fluid  be  ^;-iven  by  way  of  the  longi¬ 
tudinal  sinus  only  in  eniergeneies  and  in  des])erate  cireinn- 

stances. 

Saline  Administration 

Salt  solutions  frequently  injected  are:  O.Bb  jier  cent 
sodium  cliloride;  Kinger's  solution;  Hartmann ’s  lactate- 
chloride  solution;  sixth  molar  sodimn  lactate  solution.  In 
the  case  of  the  first  two  solutions,  tablets  of  the  dry  salts 
may  be  obtained  from  pharmaceutical  firms  and  may  be 
dissolved  and  diluted  to  the  pro])er  volume  with  distilled 
water.  Hartmann’s  solution  and  molar  lactate  solution 
are  obtainalile  in  anq^iiles  and  reipiire  only  dilution  with 
sterile  water. 

Saline  solutions  may  be  given  intravenously  into  any  of 
the  veins  discussed  in  the  yireceding  section.  Also  they 
may  be  given  subcutaneously  or  intraperitoneally.  When 
infants  are  severely  dehydrated  or  when  they  are  in  ex¬ 
tremis  from  any  cause,  the  circulation  is  greatly  inqiaired, 
and  as  a  consequence  absorjition  from  the  peritoneum  and 
subcutaneous  tissues  is  likely  to  be  slow  and  ineffective. 
In  these  circumstances  intravenous  administration  of  fluids 
is  greatly  to  be  preferred. 


Subcutaneous  Injection 

Physiological  saline  solution,  Pinger’s  solution,  sixth 
molar  sodium  lactate,  Hartmann’s  solution,  and 'Harrow’s 
solution  can  all  be  given  sulicutaneously.  Glucose  is  best 
not  given  by  this  route  as  this  solution  may  be  irritating- 
It  may  be  so  given  when  necessary  in  mixtures  of  equtd’ 
parts  of  5  or  10  per  cent  glucose  solution  and  saline  or 
Kinger’s  solution.  The  amount  of  any  fluid  given  sub¬ 
cutaneously  at  one  injection  should  not  exceed  35  ml  for 
eael,  kilogram  (15  ml.  for  eacli  pouml)  of  body  weight. 

us  loute  IS  not  to  lie  recommended  in  severe  deiiydration 
or  shock  as  timds  in  tliese  conditions  will  not  be  drawn 
into  tlie  circulation  satisfactorily. 
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In  intaiits  tlie  two  hest  sites  for  siil)cntaneoiis  injections 
are  tlie  hack  and  tlie  tliiglis.  The  skin  is  cleansed  with 
iodine  and  aicohol,  a  fold  of  the  skin  is  jacked  np  and  a 
long  19  to  20  gauge  needle  is  inserted  into  the  snl)cntaneons 
tissne.  The  flnid  niay  he  introduced  from  a  50  ml.  svrine’e 
with  the  needle  inserted  its  full  length.  The  needle  is  with¬ 
drawn  almost  to  the  skin  and  reintroduced  in  a  different 
direction  after  3  to  8  ml.  have  been  injected.  The  skin 
l)ecomes  elevated,  l)iit  shonld  not  become  l)lanched.  If 
desired,  tlie  flnid  may  he  given  hy  gravity  as  for  trans¬ 
fusions.  The  needle  is  then  lield  in  place  l)y  a  strip  of  ad¬ 
hesive  tai)e.  Two  needles  may  he  used,  one  on  either  side 
of  the  hack;  tlie  needles  are  connected  to  the  same  flask 
hy  means  of  a  Y  tnhe  and  rnhher  fulling.  The  areas  used 
for  injection  shonld  lie  draped  with  sterile  towels.  The 
same  techniques  are  used  when  fluid  is  given  in  the  lateral 
aspect  of  the  thighs,  except  that  less  can  he  given  at  one 
time  hy  syringe  into  the  thigh  than  into  the  hack.  x4fter 
removal  of  the  needle  the  wound  may  he  covered  with  a 
small  amount  of  collodion. 

Intraperitoneal  Injection 

Before  intraperitoneal  injection  is  attempted,  any  ah- 
dominal  distention  should  he  relieved.  The  bladder  should 
be  emptied. 

The  technique  for  the  intrajieritoneal  administration  of 
fluids  is  as  follows:  The  sterile  saline  solution  in  a  flask 
(such  as  was  described  above  for  the  giving  of  blood)  is 
wanned  to  body  temperature.  A  needle  of  16-18  gauge  and 
one  and  one-half  inches  in  length,  with  a  shoit  he\el,  is  at¬ 
tached  to  the  adapter  at  the  end  of  the  tubing.  After  the 
air  is  expelled  from  the  system,  the  operator  grasps  the 
shank  of  the  needle  between  the  thumb  and  forefinger,  at 
the  same  time  clamping  off  the  rubber  tubing  with  the  third 
finger  and  thumb.  The  infant  is  held  flat  on  his  back,  the 
thighs  immovable  aiul  extended.  The  skin  midway  between 
the  symphysis  pubis  and  umbilicus,  previously,  cleansed 
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with  itxliiio  tiiul  cilcoliol,  is  [)ickc*(l  up  with  tlic  lott  iiciiul. 
Tlic  needle  is  tlinist  in  at  an  angle  as  acute  as  possible  to 
tlie  plane  ot‘  the  abdominal  wall  (i.e.,  almost  parallel  with 
the  abdominal  wall)  and  in  tlie  sagittal  plane.  After  the 
needle  has  entered  tlie  ])eritoneal  cavity,  it  is  thrust  up  to 
the  shank  and  held  iirnily  in  position  with  a  stri])  ot  adhe¬ 
sive  plaster,  34ie  needle  should  lie  almost  iiarallel  with  the 
alidominal  wall.  It  usually  then  can  be  palpated  very  dis¬ 
tinctly  through  the  umhiliiuis.  Saline  solution  is  run  in 
by  gravity,  until  the  abdomen  begins  to  feel  distended. 
Sometimes  three  to  four  liundred  milliliters  may  lie  injected 
within  ten  to  lifteen  minutes  into  the  jieritoneal  cavity  of 
an  infant  weighing  ten  pounds  (4.5  kg.). 

Entrance  may  be  made  into  the  abdomen  through  the 
rectus  muscle  lateral  to  the  midline.  4408  has  been  recom¬ 
mended  in  the  case  of  very  young  or  immature  infants  in 
whom  the  hypogastric  artei'y  may  not  have  been  oliliterated. 
44iere  is  ])ei'haps  less  danger  of  puncturing  the  bladder  in 
this  way  and  in  the  case  of  very  undernourished  infants 
with  thin  abdominal  walls,  somewhat  less  danger  of  leak¬ 
age  after  the  needle  is  withdrawn. 


44ie  chief  contraindications  to  intraperitoneal  injection 
are  inflammation  of  abdominal  organs,  abdominal  disten¬ 
tion,  respiratory  embarrassment,  and  contemplated  inti'a- 
abdominal  operations. 


Dextrose  (Glucose)  Administration 

Dextrose  solutions  are  best  given  iiifraveno\islv,  as  iri'ita- 
hon  occurs  when  sucli  solutions  are  injected  siiljcutaneously 
or  intraperitoneally.  I'he  irritant  effects  are,  however, 
inininhzed  if  the  dextrose  is  coinhined  with  Dinger's  solu¬ 
tion,  A  mixture  ot  equal  parts  of  fO  iier  cent  dextrose  and 
^  inger  s  solution  may  be  injected  subcutaneouslv  and  is  oc¬ 
casionally  used  when  it  is  desired  to  give  an  extra  amount 
ot  dextrose  to  undernourished  infants  when  other  means 
Ol  adnumstration  are  dillicult.  Tt  is  host  to  .lispense  en 
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tirely  with  intraperitoneal  injections  of  dextrose  because  of 
the  distention  which  so  frequently  follows. 

Dextrose  solutions  may  he  prejiared  from  the  concen¬ 
trated  solutions  supplied  in  ampule  form  by  pharmaceutical 

manufacturers.  Such  solutions  are  diluted  with  freshly 

• 

distilled  water  before  injection.  The  solutions  may  also 
be  prepared  from  chemically  pure  dextrose.  Weighed 
amounts  of  dextrose  are  sealed  in  glass  ampules  and  ster¬ 
ilized  by  boiling  in  a  water  l)ath  for  30  minutes  on  each 
of  three  consecutive  days.  Solutions  are  prepared  immedi¬ 
ately  before  use  by  emptying  the  contents  of  the  ampule 
into  the  proper  amount  of  freshly  distilled  and  boiled 
water. 

Fluids  for  Parenteral  Use 


FLUID 

QUANTITY 

MAXIMUM 

ROUTE 

RATE 

INDICATIONS 

Saline  (0.85%) 

or 

Einger’s  sol. 

35  ml. /kg. 

or 

15  ml./lb. 

Subcutaneous 

As  fast  as 
absorbed 

Dehydration, 

acidosis, 

alkalosis 

Intravenous 
Bono  marrow 

1  to  2  ml./ 
minute 

Continuous 

venoclysis 

4  ml.Ag-/ 

hr. 

Intraperitoneal 

Rapidly 

M/G  sodium  lac¬ 
tate  in  -water, 
Einger’s  or  sa¬ 
line 

or 

Hartmann’s  sol. 

2  ml-Ag-  or 
1  ml./lb. 
for  each 
volume  per 
cent  rise 
needed 

Intravenous 

Subcutaneous 

As  for 
saline 

Acidosis,  de¬ 
hydration 

Sodium  bicar¬ 
bonate  4% 

0.5  ml./kg. 
for  each 
volume  per 
cent  rise 
needed 

Intravenous 

only 

Severe  acidosis 
with  COj  less 
than  20  vol¬ 
umes  per  cent 

Darrow ’s  so- 
dium-potassium- 
chloride-lactate- 
sol. 

80  ml./kg. 
or  36 
ml./lb.  in 
24  hours 

Subcutaneous 

Intravenous 

7  to  10 
ml./kg./ 
hour 

Severe  diarrhea 
Renal  function 
must  be  ade¬ 
quate 

Dextrose  5%  in 

water  or  mixed 
with  equal  parts 
of  saline  or 
Ringer’s  sol. 

35  ml./kg. 

15  ml./lb. 

Intravenous 
Bone  marrow 

Continuous 

venoclysis 

1  to  2  ml./ 
minute 

I  to  2  ml./ 
hour 

Ketosis,  dehy¬ 
dration,  intra¬ 
venous  feed¬ 
ing 

(Continued  on  next  pape) 
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FLUID 

QUANTITY 

MAXIMUM 

ROUTE 

RATE 

INDICATIONS 

Blood 

20  to  30 
ml./kg. 

10  to  13 
ml./lb. 

Intravenous 
Bone  marrow 

1  to  2  ml./ 
minute 

Anemia,  malnu¬ 
trition,  shock 

Plasma 

As  for  blood 

As  for  blood 

As  for  blood 

Hypoprotein- 
emia,  shock, 
malnutrition 

Amino  acid  5% 
in  5%  glucose 

20  ml./kg. 

10  ml./lb. 

Intravenous 

Subcutaneous 

1  to  2  ml./ 
minute 

Parenteral 

feeding 

The  total  amount  of  fluid  needed  by  a  baby  in  24  hours  is  approximately 
150  ml.  for  each  kilogram  (2.5  ounces  for  each  pound).  The  basic  chloride 
requirement  for  24  hours  is  supplied  by  100  to  150  ml.  saline  solution  (ap¬ 
proximately  1  Gm.  of  sodium  chloride).  More  should  not  be  given  except  in 
case  of  chloride  deficiency,  as  alkalosis  from  vomiting  or  continued  loss  of 
chloride  through  Wangensteen  drainage  or  diarrhea.  In  severe  diarrhea  the 
amount  of  chloride  given  should  be  1^/2  to  2  times  the  basic  requirement.  The 
chloride  content  of  blood  or  plasma  is  approximately  one-half  that  of  saline 
solution;  that  of  Darrovf’s  solution  70  per  cent.  The  remaining  fluid  require¬ 
ment  should  be  supplied  by  fluids  that  do  not  contain  chloride ;  these  can 
be  glucose,  lactate  or  amino  acid  solution  as  indicated,  when  all  fluids  are 
being  given  parenterally.  Wlien  babies  are  being  maintained  completely  by 
parenteral  alimentation,  the  basic  energy  and  protein  requirement  may  be 
considered  as  50  calories  and  2  Gm.  respectively  for  each  kilogram  each  24 


bicarbonate  is  used,  it  is  best  to  give’  only  sufficient  to 
increase  the  plasma  CO,  no  higher  than  40  volumes  per  cent.  As  a  de- 
hydrated  baby  rehydrates,  base  may  become  available  from  the  tissues  in 
fuhy'tf  nomS  alkalosis  if  the  plasma  CO,  has  been  restored 


fo  receiving  partial  or  total  parenteral  therapy,  a  special 

"fording  amounts  of  the  various  fluids  is  a  convenience  The 
chart  should  be  devised  to  show  the  total  intakes  of  fluid  calories  nrotein 
potassium  chloride  and  sodium  chloride  It  shnnirl  i 

solution  is  0.05  grarnl  unll, liter  o(  plasma,  blood  and  amino  acid 


Continuous  Intravenous  Injection  (Venoclysis) 

Conhnuous  intravenous  injection  of  fluids  is  used  at 
lines  in  the  treatment  of  infants  suffering  from  severe  d7 
hydration  (anliydi-einia)  and  tiiose  in  a  state  of  severe  intl 
nutrition  (athrepsia).  The  solutions  ordinarily  given  are 
5  per  cent  dextrose  solution,  or  a  mixture  of  eqimf  parts  of 
5  per  cent  dextrose  and  phvsioloo-ic  silt  »rri  r  “ 
Ringer’s  solution.  The  5  per  cent  dextrosJ  solution  iT^ed 
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when  it  is  desired  esiiecially  to  siii)i)ly  additional  food  in  the 
ease  of  nndernonrished  infants  or  of  tliose  who  for  any 
reason  are  iinahle  to  take  nnieli  food  l)y  month.  It  is  used 
also  to  eoni))lete  tlie  tluid  i‘e<|uir(*ment  after  llie  liasie  re- 
(luirement  lor  chloride  has  heim  met  with  saline  solutions. 
In  some  instaiK'es  amino  acid  solutions  are  given  for  their 
jjrotein  value.  The  liinger’s-dextrose  mixture  is  used  espe¬ 
cially  to  restore  Iluids  in  the  })resence  of  anhydremia.  '^fhe 
addition  of  suitable  amounts  of  the  ]>  vitamins  and  ascorbic 
acid  to  the  fluid  being  administered  is  advantageous  if 
insufficient  of  these  is  being  taken  by  mouth. 

The  rate  of  injection  of  the  5  ])ei-  cent  dextrose  solution 
ordinarily  should  not  he  greater  than  4  ml.  for  each  kilo¬ 
gram  of  body  weight  in  a  one-hour  ]ieriod.  The  dextrose 
or  dextrose-saline  mixtures  may  be  given  more  rapidly  dur¬ 
ing  the  time  that  dehydration  is  severe,  the  rate  being  de¬ 
creased  as  the  dehydration  is  overcome.  At  the  beginning 
of  the  treatment  the  dextrose-saline  solution  is  given  at  the 
rate  of  4  to  8  ml.  an  hour  for  each  kilogram  of  body  weight; 
this  rate  is  equivalent  to  1  to  2  drops  a  minute  for  each 
kilogram.  The  injection  of  either  fluid  may  he  continuous 
foi-  several  days ;  during  the  ])eriod  of  injection  the  infant’s 
entire  fluid  requirement  and  an  important  portion  of  tlu' 
energy  and  protein  reciuirement  may  he  met  vithout  le- 
course  to  oral  administration  of  food  or  water.  It  is  im¬ 
portant  to  hear  in  mind  that  when  serum  proteins  are 
reduced,  as  they  frecpiently  are  in  ])rolonged  illness,  edema 
is  likely  to  result  if  tluid  is  given  too  rapidly  or  in  too  large 
cpiantity  or  if  the  chloride  reipiirement  is  exceeded. 

The  apparatus  used  for  injection  is  the  one  described  as 
api)ropriate  for  blood  transfusion.  The  solution  to  be  in¬ 
jected  need  not  be  warmed  initially  or  maintained  at  or 
above  room  temperature.  It  may  be  expected  to  be  at  room 
temperature  by  the  time  it  reaches  the  vein.  No  harm  is 
caused  by  the  slow  injection  of  solutions  at  room  tempera¬ 
ture. 
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AVlieii  superficial  veins  are  easily  accessible,  or  for  tire 
exiiert  operator,  the  exposure  of  a  vein  by  incision  is  un¬ 
necessary.  The  procedure  is  carried  out  as  has  been  de¬ 
scribed  for  transfusion.  In  all  instances  the  needle  must 
be  attached  tirinly  to  the  skin,  usually  by  adhesive.  In 
those  instances  in  which  exposui'e  of  the  vein  becomes 
necessary,  tlie  following-  ])i-ocedure  is  ap|)lical)le. 

One  of  the  surface  veins  of  the  u])])er  or  lower  extremity 
is  cut  down  on  and  ligated  on  the  distal  side.  A  slit  is  cut 
in  the  vein  and  a  piece  of  sterile  ureteral  catheter  about 
three  inches  long  is  inserted  and  tied  in.  Into  the  catheter 
the  needle  at  tlie  end  of  the  delivery  tube  is  inserted.  The 
needle  should  tit  snugly.  T>efore  inserting  the  needle,  the 
tube  and  needle,  of  course,  must  lie  filled  with  the  injection 
solution.  After  insertion  ot  the  needle  the  S])ring  clani]) 
on  the  long  tube  is  released  and  tlie  rate  of  flow  is  adjusted 
by  the  screw  clanij).  Foi*  the  first  fifteen  to  twenty  minutes, 
fluid  may  be  run  in  about  as  ra])idly  as  it  will  ])ass  through 
the  needle.  1  he  flow  is  then  r(*duc(*d  to  the  desired  rat(‘ 
by  adjustment  of  the  sci-ew  clamp.  The  rate  of  flow  is 
determined  by  the  nunilxM-  of  di-ojis  a  minute,  and  also  by 

the  total  volume  of  fluid  leaving  the  gi-aduated  cvlinder 
each  hour. 

Gavage 

Tlie  infant  is  wiapiied  in  a  sheet  and  lield  on  Ids  bac*k. 
In  the  ease  of  the  small  infant  without  teeth,  a  fairlv  stiff 
nihhev  catheter,  atlaehed  to  the  barrel  of  a  sterile  Mass 
syrinoe  or  a  small  funnel,  is  (hrnst  into  the  month  and  down 
the  esophaKiis.  Tn  the  ease  of  older  infants,  the  catheter 
•nay  be  inserted  through  the  nose.  As  the  catheter  enters 
lie  stomacli  the  air  bubble  nsnally  present  there  can  be 
lieard  as  it  is  expelled  throngh  the  tube.  Accidental  pas 
sage  of  the  eatbeter  into  the  larynx  is  extrenielv  diffiLlI 
However,  if  the  catheter  has  not  entered  the  esophaa  s' 
mt  has  entered  the  trachea  instead,  there  will  be  no  doubt 
o  le  fact,  as  the  infant  will  become  snddenlv  very  dvspneic 
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and  cyanotic.  When  the  air  bubble  in  the  stomach  has  been 
expelled,  the  glass  syringe  is  filled  with  the  material  to  be 
fed,  and  the  flow  is  started  by  ‘ ‘ milking”  the  catheter.  The 
fluid  to  be  given  is  run  in  as  rapidly  as  possible  by  gravity. 
Before  withdrawing  the  catheter,  it  is  pinched  tightly  and 
is  then  withdrawn  as  quickly  as  ])ossilfie  in  order  to  avoid 
reflex  vomiting. 

History  Taking 

Emplmsis  on  the  value  of  a  good  medical  history  seems 
scarcely  necessary.  In  institutional  practice  a  printed 
guide  for  obtaining  the  history  serves  a  useful  purpose, 
particularly  for  the  less  experienced  members  of  the  resi¬ 
dent  staff.  An  outline  suitable  as  a  guide  for  recording  the 
medical  history  of  infants  follows. 


Outline  for  History  Taking 

History  taken  by _ from  (mother,  father,  aunt,  patient). 

Chief  Complamt : 

Present  Illness:  A  connected,  concise,  running  account  of  the  illness  with 
date  an<]  type  of  onset  and  order  of  appearance  and  character  of  symp¬ 
toms.  Ask  about  tliose  referable  to  respiratory  and  gastrointestinal 
tracts  particularly,  and  skin  eruptions.  Any  disease  suggested  by  the 
information  received  should  cause  inquiry  regarding  all  symptoms  char¬ 
acteristic  of  that  disease.  Negative  history  should  be  noted  only  in  rela¬ 
tion  to  differential  diagnosis  of  such  suspected  disease.  Until  one  be¬ 
comes  expert  it  is  well  to  make  preliminary  notes  and  from  them  condense 
and  arrange  the  story  of  the  illness  on  the  record  sheet. 


racist  Hi/StOT'y  * 

Infants  (a)  General:  A  short  summary  of  the  baby’s  life  since  birth, 
including  such  items  as  weight  and  condition  at  birth ;  presence  of  raa  - 
formations,  cyanotic  attacks,  convulsions  or  paralyses;  colds  or  other 
illnesses.  Immunizations,  (b)  Developmental:  Age  when  sitting  alone, 
standing,  walking,  talking.  Dentition,  (c)  Feeding:  Type,  amount  and 
intervals  with  changes  and  reasons  for  them.  Any  orange  juice?  Cod 
liver  oil?  Other  foods.  Medical  supervision?  Thrived?  Character  and 

frequency  of  stools. 

Family  History:  Age  and  condition  of  health  of  parents  and  other  childieii. 
Contact  or  exposure  of  patient  to  known  or  suspected  tuberculosis.  Hm. 
either  parent  had  a  Wassermann  test  (“blood  test”)  or  had  any  am 
LTfV  frp^tment  f^sliots  for  blood  disease”)?  Miscarriages,  still- 
r  MuL  dead  in  early  infancy,  Allergic  nranifctatio^c 

urticaria,  hay  fever,  sneezing,  eczema)  in  maternal  or  paternal 

kin. 
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Interval  History:  If  the  patient  has  visited  the  Pediatric  Clinic  previously 
and  returns  later  with  a  new  complaint,  make  a  short  note  of  the  health 
between  visits  before  writing  of  the  present  illness. 


Physical  Examination : 

General:  Nutrition  and  development.  Apparent  mentality.  Evidence 
of  distress.  Toxicity.  Condition  of  musculature. 

Skin:  Eruption  (character  and  distribution).  Cyanosis,  pallor,  mottling, 
abnormal  perspiration.  Turgor.  Scars  and  birthmarks  or  malformations. 
Elasticity.  Palms  and  soles  (eruption,  thickening,  desquamation). 

Head:  Scalp  (nits,  ringworm).  Abnormal  shape  and  size;  record  the 
circumference.  Fontanel  (tense,  full  size),  craniotabes.  Occipital  lymph 
nodes.  Eigidity  of  neck. 

Ears:  Mastoid  tenderness,  aural  discharge.  Examination  of  drum  and 
canal  if  indicated.  Deafness. 


Eyes:  Blepharitis,  bulbar  or  palpebral  inflammation.  Movements  (ptosis, 
strabismus,  nystagmus).  Cornea. 


Nose:  Obstruction.  Discharge  (character). 


Mouth  and  Pharynx:  Teeth,  number  and  condition  (caries,  hypoplasia). 
Gums  (inflammation).  Tongue,  buccal  mucosa  (stomatitis,  enanthem). 
Pharynx  (condition  of  mucosa,  lateral  pharyngitis).  Tonsils  (size,  char¬ 
acter,  inflammation).  Congenital  malformations  (cleft  palate).  Cervical 
lymph  nodes. 

Chest:  Expansion,  symmetry.  Eachitic  deformities  (rosary,  flaring 

costal  margins,  Harrison’s  groove,  other  bony  elevations  or  depressions;. 

Heart:  Apex  impulse  and  force,  character  of  sounds,  arrhythmia? 
Cardiac  enlargement?  Murmurs?  Sounds  at  base. 


Lungs:  Type  of  respiration.  Abnormalities  (inspection,  percussion 
auscultation).  ’ 

Abdomen;  Conformation  (scaphoid,  distended,  flat).  Tenderness  or 

rigidity.  Masses  or  fluid.  Consistency.  Palpable  viscera  (liver,  spleen, 
kidney).  Hernias.  >  ^  > 

Bones  and  Joints:  Posture  (round  shouldered,  lordotic).  Paralyses 
atrophies,  flatfeet,  spinal  curvature.  ’ 

Be  flexes: 


GenUals:  Phimosis,  preputial  adhesions 

vaginalis),  inguinal  hernia.  Cryptorchidism 
guinal  adeniti.s. 


hydrocele 

Vaginal 


(cord,  tunica 
discharge.  In- 


Lahoratory  Examinations:  Urine  blonrl  nr  rv  i 

examined  and  throat  cultures  :Cn.hen  in^dSLl  ” 

Essential  abnormalities  found,  with  provisional  diagnosis. 
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The  Clinical  Chart 

in  the  medical  care  of  infants  a  need  exists  for  a  graphic 
chart  tliat  differs  in  several  important  respects  from  the 
charts  commonly  used  in  the  care  oi‘  older  children  and 
adnlts.  The  nutrition  of  the  infant  is  watched  more  closely 
day  by  day.  To  this  end  greater  attention  than  in  the  case 
of  the  older  child  is  given  to  the  body  weight,  to  the  type 
of  food,  to  the  character  of  the  stools,  and  to  gastro¬ 
intestinal  symptoms.  Many  ty])es  of  clinical  charts  for  use 
with  infants  have  been  devised,  lint  all  have  in  common  the 
emphasis  on  nutritional  factoi-s.  The  chart  illustrated 
herewith  exemplifies  the  general  tyjie  of  record  of  informa¬ 
tion  considered  most  nsefnl.  Except  under  nniisnal  cir¬ 
cumstances,  the  jnilse  and  respiration  rates  are  not  re¬ 
corded  in  infancy.  In  the  nse  of  these  gra])hic  records  it 
is  customary  to  chart  the  temperature  in  black  and  the 
weight  in  red.  AVhen  vomiting  occurs,  it  is  desirable  to 
have  a  record  of  both  the  time  and  the  approximate  amonnt. 
In  recording  the  bowel  movements,  the  stools  passed  dur¬ 
ing  the  day  and  the  night  of  each  day  are  recorded  sepa¬ 
rately,  as  this  serves  to  give  a  better  idea  as  to  the  progress 
of  the  infant.  Either  signs  or  abbreviations  may  be  used 
to  record  the  character  of  the  stools.  The  designations 
used  in  some  hospitals  are  as  follows; 

I  Normal  stool 
/  Moderately  loose  stool 
—  Watery  diarrheal  stool 
^/\  Soft  stool  with  mucus 
X  y\  Soft  stool  with  mucus  and  pus 

/bi  Soft  stool  with  blood  (the  sign  may  also 
be  made  in  red  to  indicate  blood) 

□  Hard,  constipated  stool 

If,  instead  of  signs,  it  is  desired  to  use  abbreviations,  the 
following  designations  serve  well : 

S  Soft 
F  Formed 
L  Liquid 
C  Constipated 
Y  Yellow 
B  Brown 


G  Green 
B1  Blood 
FS  Formed  Soft 
SY  Soft  Yellow 
LG  Liquid  Green 
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NUTRITION  -  TEMPERATURE  CHART 
For  All  Children  Under  2  Yrs.  of  Age 


Name 


Ward 


R.H. 

T 


_ Hospital  No.  J-i _ !  /  service  i — ' —  /  w  j-  / — - 

Birth  Date  CJ^  ;□  months  — —  Admission  Date  IQl - 

u  \  ifu.-i  \/.i\ts\ie\n  \is\i<i\^o\^/\ss\s3\s4^ 


4I-3R2TI  Service  Pediatric. 
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Laboratory  Sheet — front 


GASTRIC  ANAL. 
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Laboratory  Sheet — reverse 
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Laboratory  Sheet 

A  laboratory  record  suitable  for  the  infant  does  not 
differ  greatly  from  one  suitable  for  the  older  person. 
Greater  attention  is  given  to  immunization  procedures  and 
tests  in  the  infant  and  child  than  in  the  adult.  A  record 
of  these  procedures  on  the  laboratory  sheet  is  helpful.  A 
convenient  form  of  laboratory  sheet  to  be  attached  to  the 
patient’s  record  is  shown  on  p]).  492  and  493. 


Acetyl  salicylic 
acid  (aspirin) 
Adrenalin.  See 
Epinephrin 
Ammonium  chloride 
(to  acidify  urine) 
Amytal  sodium 
(Hypo) 

Antipyrin 
Atropin  sulfate 
(Mouth) 
Belladonna, 
tincture 
Benadryl 

Caffeine  sodioben- 
zoate  (Hypo) 
Calcium  chloride 
(Mouth) 

Calcium  chloride 
( Intravenous) 

Calcium  gluconate 
or  lactate 
('astor  oil 
Chloral  hydrate 
(By  enema) 
Codeine  sulfate 
Corarnine 

Diphenylhydantoin 
sodium  (Dilantin) 
Diuretin.  See 
Theobromine 
sodiosalicylate 
Ephedrine  sulfate 
Epinephrin  1 :1000 
(Adrenalin) 


Drugs 

Doses 


G  MONTHS 

30  mg.  (i  gr.) 

1  YEAR 

GO  mg.  (1  gr.) 

Every  4  hours 

0.3  Gm.  (5  gr.) 

0.3  Gm.  (5  gr.) 

Every  4  hours 

30  mg.  (i  gr.) 

GO  mg.  (1  gr.) 

Every  4  hours. 

30  mg.  (1  gr.) 

GO  mg.  (1  gr.) 

More  for  con¬ 
vulsions 

Every  4  hours 

0.1  mg.  (0.002  gr.) 

0.15  mg.  (0.003 

Every  4  hours 

0.12  ml.  (2  min.) 

gr-) 

0.2  ml.  (3  min.) 

Every  4  hours 

4.5  mg.  for  each  kilogram  (2  mg.  for 

■  each 

pound)  divided  over  24-hour  period 
GO  mg.  (1  gr.)  0.1  Gm.  (14  gr.) 

P.  r.  n.* 

O.G  Gm.  (10  gr.) 

O.G  Gm.  (10  gr.) 

3  to  4  times 

0.5  ml.  of  5  per 

cent  solution  for 

daily 

each 

kilogram 

Repeat  if  neces.sary 

1.25  Gm.  (20  gr.)  2  Gm.  (30  gr.) 

Every  4  hours 

4  ml.  (1  dram) 

8  ml.  (2  drams) 

One  dose 

0.2  Gm.  (3  gr.) 

0.3  Gm.  (5  gr.) 

P.  r.  n.* 

4  mg.  (l/if,  gp) 

5  mg.  (Vi2gr.) 

P.  r.  n.* 

See  Nikethamide 

15  mg.  (i  gr.) 

30  mg.  (i  gr.) 

2  to  3  times 
daily 

2.5  mg.  (1/^4  gi'O 

4  mg.  (l/i«gr-) 

P.  r.  n.* 

0.125  ml.(2  min.) 

0.2  ml.  (3  min.) 

P.  r.  n. 

♦Pro  re  nata — whenever  needed. 


M I SCELI.ANEO  V S  TECH N IQ UE 


495 


6  MONTHS  1  YEAE 


Hyocine 
Iron  ammonium 
citrate 

(maintenance) 

Iron  lactate 
Magnesium  sulfate 
(Intramuscular) 
Magnesia  magma 
(Milk  of  Magnesia 
Methenamine 
(Urotropin) 
Morphine  sulfate 
Neostigmine 
methyl-sulfate 
injection 
1:2,000  dilution 
Nikethamide  25% 
Paregoric 
Penicillin 
(Intramuscular) 
Phenobarbital 
Posterior  pituitary 
injection  (Pitui- 
trin  (hypo) 
I’rostigmine 
Scopolamine  hydro- 
bromide  (Hyocine 
Sodium  bicarbonate 
(see  table,  page 


See  Scopolamine 
40  mg.  (§  gr.) 


40  mg.  (s  gr.) 

0.2  ml.  25%  sol. 

4  ml.  (1  dram) 

) 

0.3  Gm.  (5  gr.) 

1.5  mg.  (i/4s  gi’O 
0.2  ml.  (3  min.) 


0.2  ml.  (3  min.) 
0.3  ml.  (5  min.) 
10,000  units 

15  mg.  (i  gr.) 

0.125  ml.  (2  min.) 


See  Neostigmine 
0.15  mg.  (l/4soSi--) 

2  Gm.  (30  gr.) 


80  mg. (1.3  gr.) 


80  mg.  (1.3  gr.) 
for  each  kilogram 

8  ml.  (2  drams) 

0.5  Gm.  (74  gr.) 

2  mg.  (l/^o  gr.) 
0.3  ml.  (5  min.) 


0.3  7nl.  (5  min.) 
0.5  ml.  (8  min.) 
20,000  units 

30  mg.  (4  gr.) 

0.2  ml.  (3  min.) 


^•2  nig.  (1^20  gr.) 
3  Gm.  (45  gr.) 


Daily 


Daily 


Daily 

4  times  daily 

P.  r.  n.* 
Every  4  to  6 
hours 


P.  r.  n.* 

4  times  daily 
Every  3  hours 

.■>  times  daily 
P.  r.  n.* 


P.  r.  n.* 

Every  4  hours 


484) 

Sodium  bromide 
Sodium  citrate 
Sodium  lactate 
Streptomycin 
(Intramuscular) 

Sulfonamides 


Theobromine  sodio- 
salicylate 
CDiuretin) 
Thyroid 


'Pridione 


0.2  Gm.  (3  gr.)  0.3  Gm.  (5  gr.) 

3  Gm.  (40  gr.)  4  Gm.  (00  gr.) 

See  table,  page  484 
45,000  units/kg./24  hours 
20,000  units/pound/24  hours 
Divided  into  8  doses 
0.2  Gm.  for  each  kilogram 
(14  gr.  for  each  pound)  divided  into 
0  doses 

0.125  Gm.  (2  gr.)  0.2  Gm.  (3  gr.) 


Every  4  hours 
Every  4  hours 

Every  3  hours 
Every  4  hours 


4  times  daily 


Start  with  15  mg.  (4  gr.)  daily.  Increase 
slowly  to  desired  effect,  up  to  00  mo-.  (1 
gr.)  daily 

11.2  G,„.  (3  gr.)  0..3  G„,.  (5  gr.)  3  4 


TTrotropin.  See 
Methenamine 
Vitamin  K 
(Therapeutic 
dosage) 


daily 


For  single  administration  1  mg.  For  con 
tinned  administration  0.1  mg.  daily 
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A 

Absorption  of  carbohydrate,  59,  138 
of  fat,  139-140 
of  protein,  138 
of  water,  140 

Acetic  acid  for  acidifying  milk,  2115 
Acetyl  salicylic  acid,  494 
Acetonuria  in  dysentery,  315 
Achlorhydria  in  celiac  disease,  324 
Acid,  acetic,  for  acidifying  milk,  225 
ascorbic,  122-126 

boric,  for  ammonia  dermatitis,  150 
butyric,  formed  in  colon,  144,  150, 
288 

in  stomach,  278 
in  milk,  74 

citric,  for  acidifying  milk,  224 
fatty,  digestion  of,  140 

distribution  in  human  and  cow’s 
milk,  158 
folic,  19-20 

hydrochloric,  in  treatment  of 
tetany,  446 

lactic,  for  acidifying  milk,  220,  222- 

in  blood  in  auhydremia,  284 
mandelic  for  pyelitis,  404 
nicotinic,  117 
in  milk,  158 

organic,  in  blood  of  premature  in¬ 
fant,  380 

pantothenic,  110,  121 
paraniinobenzoic,  110,  121 
phytic,  in  cereals,  414 
production  in  diarrhea,  274 
Acid-ash  foods,  94 
Acid-base  metabolism,  79,  94 
in  diarrhea,  284-285 
in  premature  infant,  380 
in  pyloric  stenosis,  324 
in  vomiting,  353-355 
Acid-milk  feedings,  218-228 
Acid-sugar  solution,  228 
Acidity,  gastric  indigestion,  133,  134 
(see  also  Digestion) 
Acidosis  as  cause  of  rickets,  417 
of  vomiting,  352 
in  anhydremia,  283,  284 
in  diarrhea,  79,  280,  284-285 
in  malnutrition,  258 
in  relief  of  tetany,  446 
use  of  sodium  lactate  in,  300-301 
water  loss  in,  80 

Activity,  caloric  allowance  for,  47 


Adenoid  infection  as  cause  of  otitis 
media,  397 
of  pyelitis,  405 
in  rickets,  424 
Adermin  (pyridoxine),  120 
Adrenalin  (epinephrin)  as  stimulant, 
310,  494 

Aerobacter  aerogenes  in  the  intestine, 
142,  143 
in  milk,  195 

Age,  skeletal,  determination  of,  3 1 
Agglutinins  in  dysenteiy,  313 
“Air  hunger”  in  acidosis,  283 
Air  swallowdng,  as  cause  of  colic,  356 
of  vomiting,  333 
Albumin  milk,  235-236 
Albuminuria  in  newborn  and  im¬ 
mature  infant,  380 
in  scurvy,  455 

Alcaligenes  ammoniagenes  as  cause 
of  ammonia  dermatitis, 
150 

Alimentary  intoxication,  270-311  (see 
also  Diarrhea) 

Alkali,  administration  of,  in  acidosis, 
299,  300,  484 

Alkalosis  as  cause  of  tetany,  444 
in  diarrhea,  285 
in  pyloric  stenosis,  341 
in  vomiting,  354-355 
symptoms  of,  354 
treatment  of,  355 
Allergy,  368-374 
as  cause  of  colic,  356,  357 
of  diarrhea,  277,  370 
of  eczema,  373 
of  vomiting,  352,  374 
Alpha-lobelin,  use  of,  as  respiratory 
stimulant,  386 
Amebiasis,  275 

Amines  developed  by  bacteria  in 
colon,  143 

Amino  acids  in  metabolism,  52  86 
118,  132,  138 
in  milk,  158 

Ammonia  from  bacterial  action  in 
intestine,  143 
in  urine,  150 
Ammoniacal  diaper,  150 
Ammonium  chloride,  dosage  of  355 
494  ’ 

in  treatment  of  alkalosis,  355 
of  pyelitis,  405 
of  tetany,  446 

Amylase  in  starch  digestion,  139 
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Amytal,  sodium,  494 
Anal  fissure  in  constipation,  363,  367 
Anaphylactic  reactions  in  allergy,  368 
Anemia  due  to  goat  milk  diet,  230 
to  pyridoxine  deficiency,  120 
folic  acid  in  relation  to,  119 
in  malnutrition,  259 
in  rickets,  424,  435 
in  scurvy,  455,  458 
macrocytic,  hyperchromic,  119,  230 
neonatorum,  and  vitamin  K,  108 
nicotinic  acid  in  relation  to,  117 
nutritional,  90,  91 
of  premature  infant,  39,  88,  388, 
392 

of  sprue,  119 
Aiieurin  {see  Thiamine) 

Anliydremia,  281-284,  298-311 

as  cause  of  vomiting,  284,  352,  353, 
391 

blood  changes  in,  282,  283 
fluid  administration  in,  485 
in  mastoiditis,  398 
methenamine  contraindicated  in, 
405 

red  cell  count  in,  40 
secretion  of  urine  in,  284 
Anomalies,  congenital  {see  Mal¬ 
formations) 

Anorexia  in  celiac  disease,  325 
in  dysentery,  319 
Anoxemia  in  anliydremia,  284 
Anoxia  of  newborn,  376 
Anti-acrodvnia  vitamin  (pyridoxine), 
■'120 

Anti-beriberi  vitamin  {see  Thiamine) 
Antidysentery  sera,  320 
Antigen,  definition  of,  368 
Antineuritic  vitamin  {see  Thiamine) 
Antipyrin,  494 

Antiseptics,  use  of,  in  diarrhea,  310 
Antisyphilitic  treatment,  408 
Antivitamin,  118 

Antrotomy  in  treatment  of  mastoiditis, 
401 

Antrum,  mastoid,  397  {see  also 
Mastoiditis) 

maxillary,  402  {see  also  Sinusitis) 
Apneic  attacks  in  premature  infant, 
376,  385-386 

Apparatus  for  blood  transfusion,  470- 
475 

for  oxygen  inhalation,  385-386 
for  urine  collection,  459 
Apple  diet  in  diarrhea,  296 
in  dysentery,  320 
Argyrol  {see  Silver  protein) 

Arsenical  drugs  in  syphilis,  408 


Artificial  feeding,  182,  190  {see  also 
Feeding,  artificial;  Milk, 
cow ’s ) 

Artificially  fed  infant  {see  also  Feed¬ 
ing,  artificial) 
constipation  in,  364 
cyanosis  in,  due  to  well  water, 
188 

incidence  of  diarrhea  in,  272 
of  rickets  in,  413,  416 
of  scurvy  in,  450 
preference  for  various  for¬ 
mulas,  190 

requirements  of,  mineral,  79, 
83,  85,  88,  90,  91 
nutritional,  127-139 
vitamin,  100,  103,  112,  116, 
117,  124 
water,  79 
stools  of,  146 
Ascorl)ic  acid,  122-126 

as  supplement  to  breast-fed  in¬ 
fant,  125,  177 
deficiency,  122,  450-458 
in  formation  of  bone,  82 
in  milk,  cow’s,  123,  158 
human,  124,  158 
in  scurvy,  122,  450-458 
requirement  of,  124,  239 

in  early  growth  of  embryo,  108 
in  prematurity,  392 
sources  of,  123,  124,  239 
synthetic,  122,  458 

Athrepsia,  251-269  {see  also  Mai 
nutrition) 

Atony,  intestinal,  in  rickets,  428 
Atopy,  368 

Atresia  of  duodenum,  349 
of  esophagus,  339 

Atrophy,  infantile,  251-269  {see  also 
Malnutrition ) 

Atropine  sulfate,  dosage  of,  494 
use  of,  in  colic,  360 
in  diarrhea,  310 
in  pyloric  stenosis,  344 

B 

Bacillary  dysentery,  312-322  (see  also 
Dysentery) 

Bacteria,  proteolytic,  196,  288 
Bacterial  contamination  of  food,  187 
count  of  milk,  194,  196 
Bacterially  soured  milk  in  infant 
feeding,  221 

Bacteriology  of  gastrointestinal  tract, 
141-144 
of  milk,  194-198 
of  stools,  150 
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Balsam  of  Peru  ointment  for  chapped 
nipples,  1(35 

Banana  in  celiac  disease,  68,  327,  328 
in  infant  feeding,  68,  246 
Barley  gruel,  69 
Basal  metabolism,  45-47 
Base,  loss  of,  in  diarrhea,  284 
Behavior,  motor,  of  infant,  36-38 
Belladonna,  tincture  of,  494 
Benadryl,  dosage  of,  494 
Beriberi,  111  {see  also  Thiamine) 
Beta-alanine  as  gastric  stimulant,  132 
Bicliloride  of  mercury  for  ammoniacal 
diaper,  150 
Bile  acids,  137 

in  fat  digestion,  137,  139 
pigment,  stool  color  related  to,  147 
salts,  139 

and  vitamin  K,  109 
Bilirubin,  147 
Biliverdin,  147 
Biotin,  120 

Bismuth,  effect  of,  on  color  of  stools,  | 
148 

line  in  bone,  435 
salts  in  diarrhea,  309 
in  dysentery,  320 
in  syphilis,  408 
subcarbonate,  dosage  of,  310 
Blood,  38-41 
calcium  in  rickets,  423 
in  tetany,  84,  440,  444 
normal,  84 

changes  in  anhydremia,  281,  283  i 
in  dysentery,  315 
in  malnutrition,  258,  259,  260 
circulation  in  anhydremia,  282 
in  malnutrition,  258 
in  newborn  and  premature  in¬ 
fant,  377 

clotting  and  vitamin  K,  106 
collection,  technique,  462-468 
corpuscles,  red,  at  birth,  38,  39 
in  anhydremia,  282  ’ 

in  malnutrition,  259 
white,  at  birth,  40 
differential  count,  41 
grouping  of,  468 
in  dysentery,  315 
in  malnutrition,  260 
hemoglobin  (see  Hemoglobin) 
in  diarrhea,  282 
in  dysentery,  315 
in  infancy,  *38-41 
in  stools,  149 
in  urine  in  scurvy,  455 
matching  technique,  468 
phosphatase  in  rickets,  423 
phosphorus  in  rickets,  423 


Blood  phosphorus — Cont’d 
in  tetany,  440 
normal,  423 
j^ressure  in  infancy,  28 
prevention  of  clotting,  466,  470 
protein  in  celiac  disease,  326 
in  malnutrition,  260 
normal  level,  260 
sugar,  59,  60 

transfusion  apparatus,  470-474 

in  treatment  of  anemia  of 
rickets,  435 

of  cardiac  disease,  474 
of  diarrhea,  304 
of  malnutrition,  266-267 
of  otitis  media,  397 
of  pneumonia,  474 
quantity  of  blood  for,  474,  485 
technique  of,  469-481 
vessels  in  vitamin  C  deficiency,  122, 
454 

vitamin  A,  99 
volume,  38 

in  anhydremia,  281 
in  malnutrition,  258 
Body,  growth  of,  17-42 

length  of,  in  infancy,  20-22 
mineral  composition  of,  77 
proportions  in  infancy,  19 
temperature,  normal,  in  infancy,  36 
of  premature  infants,  381-384 
water,  78-82 
weight,  22-24 

Boiling  of  milk  for  infant  feeding, 
188,  199,  210 
Bone,  30-31 

changes  in  rickets,  417-422,  424-428 
in  scurvy,  451-454,  456 
deformities,  congenital,  18 
ground  glass  appearance  of,  in 
scurvy,  452,  453 

in  vitamin  C  deficiency  (see  Scurvy) 
marrow  changes  in  rickets,  424 
in  scurvy,  453 
transfusion,  478 
mineral  content  of,  31 
salts,  formation  of,  82 
Boric  acid  for  ammoniacal  diaper  150 
Bosses  in  rickets,  425  ’ 

Bottle  feeding  (see  Feeding,  arti¬ 
ficial) 

nursing,  211 

Bread  in  infant  feeding,  246 
Breast  feeding,  amount  of  milk  in 
169,  171  ’ 

contraindications  to,  154-156  410 
emotional  satisfaction  from^  153 
in  prevention  of  diarrhea  '  ‘’88 
of  normal  infant,  152-181 
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Breast  feeding — Cent ’d 

of  syphilitic  infant,  410 
position  of  baby  during,  170 
schedule  of,  166-169 
technique  of,  166-171 
milk,  156-161  (see  also  Milk, 
human) 

characteristics  of,  156 
composition  of,  156-161 
“dairies,”  179 

manual  expression  of,  180-181 
unsuitable  for  feeding,  174 
pumps,  181 

Breast-fed  infant,  additions  to  diet 
of,  176-177 

characteristics  of,  171-172 
constipation  in,  365-366 
gastrointestinal  disturbance  of, 
175 

mixed  feedings  for,  175 
nursing  habits  of,  168-169 
overfeeding  of,  173 
stools  of,  145 
uudernutrition  of,  172 
vitamin  C  requirements  of,  124, 
177 

vitamin  1)  requirements  of,  176 
vitamin  deficiencies  in,  153 
water  requirement  of,  80 
weaning  of,  177 
Breasts,  caked,  166 
Breck  feeder  for  premature  infant, 
389 

Bronchitis  complicating  malnutrition, 
259 

in  relation  to  allergy,  370 
Brucella  melitensis  in  milk,  195 
Butter  value  of  milk,  193  (see  also 
Milk) 

Buffered  lactic  acid  solution,  for  in¬ 
travenous  use,  301 
for  oral  use,  299 
in  treatment  of  diarrhea, 
294,  299,  301,  303,  484 
Bulb  feeding  for  premature  infant, 
389 

Buttermilk  in  infant  feeding,  220 
Butyric  acid,  formation  of,  in  gas¬ 
trointestinal  tract,  144, 
150,  273,  288 
in  milk,  74 

C 

Caffein  as  stimulant,  310,  494 
Caffey’s  disease,  456 
Caked  breasts,  166 
Calciferol  (see  Vitamin  D) 

Calcium  absorption,  83 

blood  (see  Blood  calcium) 


Calcium — Cont ’d 
chloride,  dosage  of,  494 

in  treatment  of  tetany,  449 
content  of  body,  77,  82 

of  premature  infants,  83,  379 
of  serum  of  normal  infant,  84 
in  rickets,  84,  423 
in  tetany,  84,  440,  444 
gluconate,  dosage  of,  494 
in  treatment  of  tetany,  446 
in  cow’s  milk,  83,  158 
in  human  milk,  83,  158 
metabolism,  82-86,  431,  433 
in  rickets,  415,  423 
salts  in  milk-free  diets,  85 
in  treatment  of  diarrhea,  311 
of  tetany,  84,  445 
parenteral  use  of,  84,  445,  494 
unnecessary  as  addition  to  milk, 
84 

in  rickets,  435 

soaps,  formation  of,  in  intestine, 
74,  140,  362 
urinary  excretion  of,  83 
Calomel,  misuse  of,  298 
Caloric  value  of  condensed  milk,  202, 
233 

of  cow’s  milk,  158,  191,  202 
of  dried  milk,  202,  230 
of  evaporated  milk,  202,  214 
of  human  milk,  157,  158 
of  malted  milk,  202,  233 
of  skimmed  milk,  202,  230 
Calories,  allow'ance  for  activity,  47 
for  growth,  47 
for  unutilized  food,  48 
requirement  of,  48,  127 
in  malnutrition,  263 
of  premature  infant,  379 
significance  of,  in  metabolism,  43 
Cane  sugar  (sucrose),  59,  63,  70 
Capacity  of  stomacli,  29 
Capillary  changes  in  scurvy,  122,  454 
Carbohydrate  for  infant  feeding,  58 
•  70 

in  constipation,  effect  on  stools, 
362,  364 
metabolism,  58-70 
mixtures  for  infant  feeding,  65-67 
of  fruits,  68 

parenteral  administration  of,  70 
(see  also  Dextrose) 
requirement  of,  58,  128 
storage  of,  76 

Carbohydrate-milk  mixtures  for  in¬ 
fant  feeding,  234 

Carbon  dioxide  and  oxygen  inhala¬ 
tion  for  premature  in¬ 
fants,  385 
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Carbon  dioxide — Cont’d 

of  blood  in  pyloric  stenosis,  342, 
354 

Carboxylase,  111  ' 

Carminatives  in  treatment  of  colic, 
358 

Carotene  {see  Vitamin  A) 

Carpopedal  spasm,  354,  430,  437,  440, 
442,  443 

Casein  {see  also  Curds) 

hydrolysate  as  milk  substitute,  237, 
372 

in  relation  to  allergy,  372 
of  cow’s  milk,  158,  192 
of  human  milk,  157,  158 
Castor  oil,  298,  494 
Cathartics,  concentrated  sugar  solu¬ 
tions  as,  70 

contraindicated  in  diarrliea,  297, 
309 

in  dysentery,  320 
in  constipation,  3(50 
Celiac  disease,  323-332 

absorption  of  vitamin  A  and,  99 
‘‘celiac  rickets,”  32(5 
Cellular  elements  in  stools,  149 
Cereal  for  thickened  feedings,  337, 
345 

Cereals  in  infant  feeding,  243-245, 
246 

in  relation  to  allergy,  369 
,  to  constipation,  305 
to  rickets,  414 
Certified  milk,  197 
Cevitamic  acid  {see  Ascorbic  acid) 
Chart,  clinical,  490-493 
laboratory  sheet  for,  494 
Cheilitis  due  to  j’iboflavin  deficiency, 
115  • 

Chemical  preservatives  in  milk,  197 
Chemotherapy  in  dysentery,  32 i 
Chest  deformity  in  rickets,  425  426 
growth  of,  27-28  ’ 

Chloral  hydrate,  dosage  of,  494 
Chloride,  loss,  of,  in  pyloric  stenosis, 
341 

in  vomiting,  355 
metabolism,  of,  78-82 
Cholera  infantum,  298-311  {see  An- 
hydremia) 

and  mastoiditis,  398 
and  sinusitis,  402 

Cholesterol,  irradiated,  103  {see  also 
Vitamin  D) 

Choline,  121 

Chronic  intestinal  indigestion,  323 
{see  also  Celiac  disease) 
Chvostek’s  sign,  354,  443 
Chyme,  137 


Circulation  {see  also  Blood) 
in  newborn  and  premature,  377 
Citrated  blood  for  transfusion,  469 
Citric  acid  milk,  224 
Citrin,  126 

Citrus  fruits  as  sources  of  vitamin 
C,  123,  239 
Clinical  chart,  490-493 
Clothing  of  premature  infant,  381 
Clotting  of  blood  and  vitamin  K,  107 
Cobalt,  93 
Cocarboxylase,  112 
Codeine  sulfate,  dosage  of,  494 
Cod-liver  oil  {see  also  Vitamin  D) 
as  source  of  iodine,  92 
requirement  for  breast-fed  in¬ 
fant,  176 

for  normal  infant,  104,  105, 
176,  238 

for  premature  infant,  391 
in  rickets,  434 
time  of  addition  of,  105 
Coenzyme,  112 

Cold,  common,  treatment  of,  393 
Colic,  356-360 

allergy  in  relation  to,  370 
(V)litis,  membranes,  149 
Colon  bacillus  {see  Escherichia  coli) 
Color  of  stools,  147-148 
Colostrum,  156 
vitamin  A  of,  98 
Complemental  feedings,  175 
Condensed  milk,  232 
Congenital  anomalies  {see  Malforma¬ 
tions) 

Constipation,  361-367 
fruits  and  vegetal)les  in  treatment 
of,  249,  365 
in  pellagra,  118 
in  rickets,  428 

relation  of  carbohydrate  intake  to 
70 

of  fat  intake  to,  74,  257 
of  protein  intake  to,  56,  257,  362 
Constitutional  weakness,  cause  of 
malnutrition,  255 

Contraindications  to  breast  feedings. 

Convulsions,  449 
in  dysentery,  314 
in  hypoglycemia,  60 
in  pyloric  stenosis,  342 
in  severe  vomiting,  354 
in  tetany,  342,  437,  442  444 
therapy,  449  ’ 

Copper,  metabolism  of,  90 
Coramine,  dosage  of,  494 
Corn  syrup,  66 
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Corynebacterium  diphtheriae  as  milk 
contaminant,  195 

Costochondral  junctions,  enlargement 
of,  in  rickets,  425,  426 
Cow’s  milk  {see  Milk,  cow’s) 
Creatinine  as  measure  of  basal  rate, 
46 

Cretinism,  congenital,  41 
Cultures,  stool,  technique  of,  461 
urine,  technique  of,  461 
Curds  in  cow’s  milk,  133,  134,  184 
(see  also  Milk,  cow’s) 
in  human  milk,  133 
in  stools,  148 
Custard,  soft,  241 
Cyanosis  from  well  water,  188 
in  diarrhea,  311 
in  premature  infants,  385 
Cyclic  vomiting,  352 
Cystic  disease,  absorption  of  vitamin 
A  in,  99 

fibrosis  of  the  pancreas,  330-332 
Cystine,  52,  158 

D 

Dark  adaptation  and  vitamin  A,  97, 

100,  101 

Harrow’s  buffered  potassium  chloride 
solution,  299,  302-303,  484 
formula  for,  303 

treatment  scheme  for  parenteral 
use,  484 

Deformities  caused  bv  rickets,  424- 
430 

correction  of,  435-436 
Dehydration  in  malnutrition,  261,  268 
in  otitis  media,  397 
in  premature  infants,  391 
in  pyloric  stenosis,  342 
7-Dehydroeholesterol,  irradiated  (vi¬ 
tamin  D3),  103 

‘‘Dekomposition”  (see  Malnutrition) 
Dental  caries,  effect  of  fluorine  on, 
92 

Dentition,  26  * 

and  vitamin  D,  104 
delayed,  in  rickets,  430 
Development,  17-42  {see  also  Growth) 
of  motor  behavior,  36 
of  nervous  system,  33 
of  premature  infant,  375,  392 
of  special  senses,  35 
Dextrin,  59,  64,  69,  70 
Dextrin-maltose  mixtures,  61,  65 

with  added  potassium  bicarbon¬ 
ate,  66 

vitamin  B-complex,  65 
Dextrin-maltose-dextrose  mixtures,  66 


Dextrin-maltose-dextrose-sucrose  mix¬ 
tures,  66 

Dextrose,  content  of  blood,  59,  60 
in  celiac  diet,  328 
in  diarrhea,  306 

in  infant  diet,  59,  61,  64,  65,  69 
intravenous  administration  of,  in 
diarrhea,  293,  302 
in  malnutrition,  267 
rate  of,  486 
technique  of,  483-484 

Diabetes  as  cause  of  malnutrition, 
256 

Diarrhea,  270-311  {see  also  Dysen¬ 
tery) 

absorption  in,  99,  280 
acidosis  associated  with,  284-285 
allergy  as  cause  of,  277,  370 
anhydremia  in,  281-284 
as  cause  of  death,  270 
bacteria  as  cause  of,  259,  272-274 
butyric  acid  and,  144,  273 
cathartics  in,  297,  309 
causes  of,  270-280 
differential  diagnosis  of,  285-288 
drugs  in  treatment  of,  309-311 
dysentery  organisms  in  relation  to, 
275  312 

effects  of,  on  body,  280-285 
enteral  infections  as  cause  of,  271, 
287 

epidemic,  of  newborn,  276 
fatty  acids  as  cause  of,  74 
feedings  during,  306 
in  malnutrition,  259,  261,  265 
in  mastoiditis,  398,  399 
in  otitis  media,  394 
in  pellagra,  118 
in  premature  infants,  390-391 
in  pyelitis,  403 
in  pyloric  stenosis,  341 
in  relation  to  fat  intake,  74 
in  sinusitis,  402-403 
parenteral  infections  as  cause  of, 
268,  271,  286,  295,  394, 
398,  400 

prophylaxis  of,  288-290 
severe,  treatment  of,  298-309 
starvation,  as  cause  of,  252,  261, 
277,  286 
stools  in,  146 
sugars  as  cause  of,  69 
symptoms  of,  278-280,  298 
treatment,  290-309 
feedings  in,  292,  306 
in  artifieiallv  fed  infants,  29o- 
309 

in  breast-fed  infants,  293-295 
medicinal,  309-311 
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Diarrhea,  treatment — Gout  ’cl 
of  mild  type,  295-298 
of  severe  type,  298-309 
virus  as  cause  of,  276 
Diet  as  cause  of  rickets,  379,  413 

{see  also  Feedings,  Foods) 
of  scurvy,  450 
elimination,  for  allergy,  373 
for  second  year,  248-250 
•  in  treatment  of  celiac  disease,  326- 
330 

of  diarrliea,  291-292,  296-297, 

305-306 

of  dysentery,  318-320 
of  pyloric  stenosis,  345-347 
ketogenic,  76 

of  normal  infant,  238-250 
Difticult  feeding  cases,  253 
Digestion,  131-144 

Digestive  capacity  of  breast-fed  in¬ 
fant,  29 

of  premature  infant,  378 
Dihydrotachysterol  as  an  antira¬ 
chitic,  103 

in  treatment  of  tetany,  448 
Diphenylhydantoin  sodium  (Dilan¬ 
tin),  dosage  of,  494 
Diphtheria,  bacilli  in  milk,  195 
Diuretin,  dosage  of,  494 
Dried  milk,  83,  202,  230-232  (see  also 
Milk,  cow’s) 

Drugs,  dosage,  table  of,  494-495 
and  allergy,  369 

excretion  of,  in  human  milk,  165 
in  treatment  of  constipation,  366, 
367 

of  diarrliea,  309 
of  dysentery,  320-322 
of  pyloric  stenosis,  344,  345,  347 
Duodenum,  obstruction  of,  349 
Dysentery,  bacillary,  141,  149,  151, 
275,  278,  312-322 
chemotherapy  in,  321-322 
complications  of,’  316-317 
pathology  of,  312 
symptoms  of,  314-316 
treatment  of,  318 

E 

E.  typhosa,  as  cause  of  diarrhea,  275 
in  milk,  195 

Ear  infections  (see  Otitis  media) 
Ecchymosis  in  scurvy,  455 
Eczema  in  relation  to  allergy,  373 
to  unsaturated  fatty  acids,  73 
Edema  in  celiac  disease,  326 
in  malnutrition,  55,  260 
Eggs  in  infant  diet,  240-242 
sensitization  to,  240,  369 


Eiweiss  Milch,  235,  236 
Elimination  diets  for  allergy,  373,  374 
Endocrine  disturbances  as  cause  of 
malnutrition,  256 
of  rickets,  417 
of  tetany,  437 
Enemas  in  constipation,  366 
retention  of,  in  dysentery,  320 
Energy  metabolism,  43-51  (see  also 
Calories) 

requirements  of  infants,  48-51,  127 
of  premature  infant,  379 
Enteral  infections  as  cause  of  diar¬ 
rhea,  287  (see  also  Dysen¬ 
tery) 

Enterokinase,  137 

Enzymes,  digestive,  131-133,  137-140 
of  milk,  193 

oxidation-reduction,  110,  111,  115, 
116 

respiratory,  110,  111,  115,  116 
yellow,  of  Warburg,  110,  115 
Ephedrine,  dosage  of,  494 

in  treatment  of  otitis  media,  396 
Epinephrin  as  stimulant,  310 
dosage  of,  494 

Epiphyseal  changes  in  rickets,  417- 
422 

in  scurvy,  451,  452,  458 
Epithelial  changes  in  riboflavin  defi¬ 
ciency,  115 

in  vitamin  A  deficiency,  96 
Erb ’s  sign  in  tetany,  443 
Ergosterol,  irradiated  (see  Vitamin 

Erythroblastosis  fetalis,  transfusion 
in,  469 

Erythrocytes  (see  Blood  corpuscles) 
Escherichia  coli  as  cause  of  diarrhea, 
273,  287 

of  mastoiditis,  400 
of  pyelitis,  403 
in  duodenum,  141,  273 
in  milk,  195 

in  normal  intestine,  141,  142 
in  urine  cultures,  461 
Evaporated  milk,  composition  of,  202, 
213-215 

in  formula,  215 
in  acid  milk,  227 
vitamins  in,  113,  123 
Exsiccosis,  281 
Extracellular  water,  79 
Extremities,  deformities  of,  in  rick¬ 
ets,  426-428 

tenderness  of,  in  scurvy,  454 
Exudative  diathesis,  in  relation  to 
allergy,  370 

Eyes,  congenital  deformities  of  18 
19,  116  ’  ’ 
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F 

Face  ill  infancy,  25 
Facial  phenomenon  in  tetany  (Chvos- 
tek’s  sign),  445 

Fat  as  carrier  of  vitamins,  73,  !>5 
composition  of,  71,  73,  158 
digestion  of,  in  intestine,  137,  139- 
140 

in  stomacli,  135 

in  food  of  premature  infant,  389 
in  ketogenic  diet,  76 
metabolism  of,  71-76 
of  cow’s  milk,  73-75,  158,  191 
of  human  milk,  73-74,  157,  158 
parenteral  administration  of,  75 
requirement  of,  128 
tolerance  of,  in  celiac  disease,  329 
Fatty  acids  essential,  74 
unsaturated,  in  milk,  158 
in  eczema,  72 
Feces  (see  Stools) 

Feeding,  artiticial,  182-189 

acid  milk  mixtures,  218-228 
in  diarrhea,  292,  306 
in  dysentery,  318-320 
carbohydrates  in,  58-70,  232  (set 
also  Carbohydrate) 
complemental,  175 
condensed  milk  in,  232-233 
construction  of  formulas,  for, 
205-209,  215-217,  225-227 
diluents  for,  203 
dried  milk  in,  230-232 
evaporated  milk  mixtures  in. 

213-217,  225-227 
foods,  other  than  milk  in,  237 
formulas,  construction  of,  acid- 
milk,  225 

digestibility  of,  188-190 
dried  milk,  231 
evaporated  milk,  215,  227 
sweet  milk,  205 
fruit  in,  68,  243,  246 
goat’s  milk  in,  229 
malted  milk  in,  233-234 
number  of,  205 
of  premature  infant,  388-389 
parenteral  (see  Ijitravenous  thci’- 
apy) 

percentage  method  of  calculating, 
183 

preference  of  infant  for,  190 
preparation  of,  209 
proprietary  foods  in,  229-237 
protein  milk  in,  235 
requirements  for  satisfactory, 

185-187 

rickets  in  relation  to,  413 


Feeding,  artiticial — Cont’d 

skimmed  milk,  in  diarrhea,  292, 
306 

in  dysentery,  318,  319 
special  foods  in,  229-237 
supplemental,  175 
sweet  milk  mixtures,  205-209 
technique  of  feeding,  212 
of  preparing,  209-211 
thickened,  in  pyloric  stenosis,  345 
in  treatment  of  rumination, 
337 

volume  of,  204 
breast  (see  Breast  feeding) 
mixed,  175 

Ferric  ammonium  citrate  (see  Iron  ) 
Ferrous  sulfate  (see  Iron) 

Fetus,  nutrition  of,  18 
Fever  in  infants  with  anhydiemia, 
283,  297 

with  dysentery,  314 
with  mastoiditis,  399 
with  otitis  media,  395 
with  rhinopharyngitis,  394 
Flat  feet  as  cause  of  knock-knee,  428 
Flatulence  (see  Colic) 

Flexner  bacillus  as  cause  of  dysen¬ 
tery,  312 

FlUgge,  bacillus  of,  141,  276 
P’luid  administration,  oral,  in  an- 
hydremia,  299 
parenteral,  484-485 

in  anhydremia,  300-303 
in  malnutrition,  267-268 
Fluorine,  metabolism  of,  92-93 
Folic  acid,  119 

Foods  (see  also  Feeding,  artificial) 
bacterial  contamination  of,  187 
for  special  conditions,  235-237 
proprietary,  229-237 
requirement  of  underweight  infant, 
50 

unsuitable  composition  of,  as  cause 
of  vomiting,  335 

Formulas,  milk  (see  also  Feeding, 
artificial) 
acid,  226 
evaporated,  216 
sweet,  209 

Fractures  in  rickets,  419 
in  scurvy,  453 

Fredet-Raramstedt  operation  for  py¬ 
loric  stenosis,  348 

Fruits,  carbohydrates  of,  68 

in  infant  feeding,  68,  243,  246 
in  relation  to  constipation,  249, 
365 
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G 

Galactose,  59 

Gamma,  a  measure  of  weight,  112 
Gas  bacillus  (see  Clostridium  per- 
fringens) 

Gastric  achlorhydria  in  celiac  disease, 
324 

capacity,  29 
digestion,  132-137 

juice,  alkalosis  due  to  loss  of,  341, 
354 

concentration  of,  132,  378 
in  malnutrition,  2(54 
lavage  in  pyloric  stenosis,  347 
Gastroenteritis  (see  Diarrhea) 
Gastroenterospasm,  357 
as  cause  of  colic,  357 
of  diarrhea,  277,  286 
of  vomiting,  338 
in  relation  to  allergy,  370 
treatment  of  colic  caused  by,  360 
Gastrointestinal  changes  in  rickets, 
428 

disturbances  from  iron  salts,  90 
in  relation  to  fat  and  protein 
intake,  74 
to  mastoiditis,  398 
to  otitis  media,  394 
to  pyelitis,  403 
to  sinusitis,  402,  403 
of  breast-fed  infants,  175 
tract,  bacteriology  of,  141-144 
irritation  of,  271 

Gavage,  of  premature  infant,  389 
technique  of,  487-488 
Gee-Herter  Disease  (see  Celiac  dis¬ 
ease) 

Gee’s  Disease  (see  Celiac  disease) 
Gelatin,  an  incomplete  protein,  52 
as  milk  modifier,  56 
Giardia  lamblia,  323 
Glossitis  due  to  riboflavin  deficiency. 

Glucose  (see  Dextrose) 
tolerance  curves  in  celiac  disease, 
326 

Glycerin  suppositories,  366 
Glycerol,  component  as  part  of  fat. 
71 

Glycogen,  60 
Goat’s  milk,  229,  312 
Goiter  (see  Thyroid) 

Grasping  reflex  in  newborn,  34 
Gray  powder  in  treatment  of  syph¬ 
ilis,  408 

Growth,  and  development,  17-42 
and  rickets,  415-416 
body  proportions  during,  19 


Growth — Cent ’d 

caloric  allowance  for,  47 
effect  of  vitamin  D  on,  104-105 
endocrines  and,  17 
in  celiac  disease,  326 
in  weight,  22-24 
linear,  20-22 
nutrition  and,  18 
of  endocrine  glands,  41 
of  premature  infants,  24,  379,  392 
of  skeleton,  30-31 
vitamin  A  and,  96 
vitamin  D  and,  104 
Gums  in  scurvy,  454 

H 

Habit,  in  relation  to  constipation, 
363,  366 
to  eating,  249 
to  vomiting,  337 
Hair,  32 

Harrison’s  groove  in  rickets,  426 
Hartmann’s  buffered  lactic  acid  solu¬ 
tion,  268,  293,  301 
for  oral  use,  299 
technique  of  administration 
of,  484-485 

Head,  circumference  of,  25 
growth  of,  24 
in  rickets,  425 
Hearing,  sense  of,  35 
Heart,  block,  from  potassium  intoxi¬ 
cation,  304 

changes  in  malnutrition,  260 
in  scui'vy,  455 
congenital  anomalies  of,  19 
and  nutrition,  256 
development,  28 

growth  of,  in  premature  infants, 
377 

Heat  regulation  in  newborn  and  pre¬ 
mature,  378 

Hematuria  from  methenamine  ther¬ 
apy,  405 
in  scurvy,  455 

Hemoglobin  (see  also  Anemia) 
in  infancy,  38,  87 
in  premature  infants,  39,  88 
Hemogram,  Schilling,  41 
in  dysentery,  315 
in  malnutrition,  260 
Hemolytic  streptococci,  in  milk, 
cow ’s,  195 

Hemorrhage,  in  dysenterv,  313  314 
in  premature  infants,  377 
in  purpura,  457 

in  scurvy,  122,  450,  453,  454,  455 
Hemorrhagic  disease  of  new'born,  108 
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Hernia,  umbilical,  in  rickets,  428 
Hesperidin,  126 
Hiss-Russell  bacillus,  312 
Histamine  in  relation  to  diarrhea, 
143,  274,  288 

History  taking,  outline  for,  488-490 
Holstein  milk,  191 
Homogenization  of  milk,  75,  200 
Honey  in  infant  feeding,  68 
Human  milk  (see  Milk,  human) 
Humidity,  control  of,  for  premature 
infants,  383 
Hunger  diarrhea,  277 
Hydrobilirubin,  147 
Hydrochloric  acid,  in  treatment  of 
tetany,  446 

milk,  in  treatment  of  tetany,  446 
of  gastric  juice,  132,  264,  378 
Hydrolability  in  diarrhea,  143,  274, 
281 

Hydrolyzed  casein  in  allergy,  372 
Hygeia  nipples  for  thick  feedings, 
337 

Hyocine,  495 

Hypertonic  dextrose  solution  in  diar¬ 
rhea,  293,  305 
in  malnutrition,  267 
infant,  357 

Hypoglycemia  in  newborn,  60 
Hypoparathyroidism,  cause  of  tetany, 
437 

Hypothrepsia  (see  Malnutrition) 
Hypothyroidism,  cause  of  constipa¬ 
tion,  361 

growth  retardation,  256 
recovery  from,  associated  with 
rickets,  415 

I 

Idiopathic  steatorrhea  (see  Celiac 
disease) 

Ileocolitis,  312-322 

Incubator  bed  for  premature  infants, 
384 

rooms  for  premature  infants,  383 
indicator  for  blood  flow'  in  transfu-  | 
sion,  474 

Indigestion,  chronic,  intestinal  (see 
Celiac  disease) 

Indol  developed  by  bacteria,  143 
Infant  foods,  proprietary,  232,  234, 
237 

Infantile  cortical  hyperostoses,  456- 
457 

Infantilism,  intestinal  (see  Celiac 
disease) 

Infections,  as  cause  of  diarrhea,  268, 
271,  272,  276,  286,  287, 


Infections,  as  cause  of  diarrhea — 
Cont ’d 

295,  298,  394,  398,  400, 
402,  403 

of  malnutrition,  254-255 
of  vomiting,  336 

ascorbic  acid  requirement  in,  126 
associated  with  nutritional  disturb¬ 
ances,  131,  393-410 
in  premature  infants,  384 
secondary  to  diarrhea,  308-309 
to  malnutrition,  259 
to  rickets,  424 

Infectious  diarrhea  (see  Dysentery) 
Inositol,  121 
Insulin  in  newborn,  60 
use  of,  in  malnutrition,  61 
Interstitial  keratitis,  due  to  ribo¬ 
flavin  deficiency,  115 
water,  79 

Intestinal  atony  in  rickets,  428 
digestion,  137-141 
enzymes,  137 

indigestion,  chronic  (see  Celiac 
disease) 

infantilism  (see  Celiac  disease) 
obstruction,  vomiting  in,  349-351 
tract,  growth  of,  28-29 
Intestine,  bacterial  action  in,  139 
development  of,  29 
Intoxication,  alimentary,  298-311 
Intracellular  water,  78 
Intracranial  birth  injury  as  cause  of 
malnutrition,  256 

hemorrhage  and  vitamin  K,  109 
in  premature  infants,  276 
Intraperitoneal  administration  of 
fluids,  482-483 

Intravenous  therapy,  continuous,  484- 
485  (see  also  Dextrose, 
Ringer’s  solution.  Trans¬ 
fusion) 

in  treatment  of  diarrhea,  293, 
300-302 

of  malnutrition,  267-268 
technique  of,  469-487 
Intussusception  as  cause  of  vomiting, 
350-352 
Iodine,  91-92 
Iron,  87-90 

and  ammonium  citrate,  90,  49o 
in  enzyme  systems,  117 
lactate,  495 

medication  in  scurvy,  458 
requirement,  of  infant,  87-90 
of  premature  infant.  392 
j'eserves  at  birth,  39,  87 
salts,  utilization  of,  89-90 
stool  color  related  to,  148 
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Irradiated  cliolesterol  {see  Vitamin 

U) 

ergosterol  {see  Vitamin  D) 
Irrigation  of  colon  in  treatment  of 
dysentery,  320 

Irritabilitv,  neuromuscular,  in  rickets, 
‘  430 

Islands  of  Langerhans,  41 
Isotonic  sodium  chloride  {see  Physi¬ 
ological  salt  solution) 

J 

Jacket  for  premature  infant,  381-382 
von  Jaksch’s  anemia  accompanying 
rickets,  424 

Jaundice,  physiologic,  39 
Jersey  milk,  191 

Juice,  fruit,  in  infant  feeding,  246 
{see  also  Fruit;  Qrange 
juice) 

gastric,  132,  264,  378 
pancreatic,  137 
succus  entericus,  137 

K 

Keratitis,  interstitial,  due  to  ribo¬ 
flavin  deficiency,  115 
Kernig  sign  in  tetany,  442 
Ketogenic  diet  as  dehydrating  agent, 
76 

Ketone  bodies,  formation  of,  72 
Ketosis  in  immature  infant,  72 
in  malnutrition,  258 
Kidney,  development  of,  30 
dysfunction,  cause  of  rickets,  417 
of  premature  infant,  380 
Knock-knee  in  rickets,  426,  428,  429 
Kypliosis  in  rickets,  428  * 

L 

Laboratory  sheet  for  clinical  chart, 
492,  493,  494 

Lactalbumin  in  milk,  53,  158 
in  relation  to  allergy,  369 
Lactate,  buffered,  299,  301 
Lactation,  diet  during,  162 
hygiene  during,  161 
in  infant,  42 

Lactic  acid  milk,  220-224  {see  also 
Feeding,  artificial) 
dried,  223 
skimmed,  223 

producing  organisms  in  milk,  195, 
221  ’  ’ 
solution,  buffered,  formula  for, 
299,  301  ’ 


Lactic  acid  solution — Cont ’d 

in  diarrhea,  294,  299,  301,  303 
Lactobacillus  acidophilus  for  souring 
milk  for  infant  feeding, 
221 

in  intestine,  141-144 
in  milk,  195 

bifidus  in  gastrointestinal  tract, 
141-143 

bulgaricus  in  milk,  195 
Lactoflavin  (riboflavin),  115-116 
Lactose  in  infant  feeding,  59,  62,  70 
Lanolin,  use  of,  for  chapped  nipples, 
165 

Lanugo  of  newborn,  32 
Laryngospasm  in  rachitic  tetany,  430 
in  tetany,  430,  437,  442,  444 
Latent  tetany,  440,  441 
Laudanum  in  dysentery,  320 
Lavage,  gastric,  in  pyloric  stenosis, 
347 

Laxative,  drugs,  dosage  of,  494-495 
{see  also  Cathartics) 
effect  of  colostrum,  156 
of  molasses,  67 
of  sugars,  62,  66,  67,  69 
Length,  body,  growth  in,  20-22 
Leucocytes  {see  Blood  corpuscles, 
white) 

Leukocytosis  in  dysentery,  315 
Leukopenia  in  dysentery,  315 
Ligaments,  lax,  in  rickets,  424,  428 
Line,  scurvy,  in  bone,  453 
Lipase,  135,  139 
Liver,  growth  of,  29-30 
Luminal  {see  Phenobarbital),  495 
Lungs,  growth  of,  28 
Lymphatic  system,  32-33 
Lymphocytosis  in  rickets,  424 

M 

M.  ovalis  {see  Streptococcus  fecalis) 
M.  tuberculosis  in  milk,  195,  406 
Mfignesia,  milk  of,  dosage,  495 
in  treatment  of  constipation,  367 
Magnesium,  77,  86 
sulfate,  dosage  of,  495 
use  of,  in  tetany,  86,  447,  449 
Malformations,  as  cause  of  malnutri¬ 
tion,  255-256 

atresias  of  gastrointestinal  tract 
339,  349 
congenital,  18 

obliteration  of  bile  duct  and  vita¬ 
min  K,  109 
Malnutrition,  251-269 
as  cause  of  celiac  disease,  324 
blood  changes  in,  260 
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Malnutrition — Cout ’d 
causes  of,  251-261 
diarrhea  in,  259,  261,  265 
food  requirement  in,  263 
hydrolability  in,  260,  268 
in  pyloric  stenosis,  344,  348 
infections  complicating,  259,  268 
intravenous  therapy  in,  266-268 
pathology  of,  257-261 
Malt  soup  extract,  66 

in  treatment  of  constipation,  364, 
365 

Malted  milk  in  infant  feeding,  61,  233 
Maltose  in  infant  feeding,  65 
utilization  of  intravenous,  59 
Maltose-dextrin  mixtures  in  infant 
feeding,  61,  65 
Mandelic  acid  in  pyelitis,  404 
Manganese,  metabolism  of,  93 
Manual  expression  of  breast  milk, 
180-181 

Marasmus  (see  Malnutrition) 
Mastitis,  contraindication  to  breast 
feeding,  155 
Mastoiditis,  397-402 
as  cause  of  diarrhea,  308 
complicating  malnutrition,  255 
Maxillary  sinusitis  (see  Sinusitis) 
Meat  in  infant’s  diet,  245-246 
Meatal  ulcer  from  ammoniacal  diaper, 
150 

Mechanical  expression  of  breast  milk, 
180-181 

Meconium,  145 
Mehlnahrschaden,  253,  257 
Menadione,  107 

Menstruation  not  contraindication  to 
breast  feeding,  155 
Mental  development  in  rickets,  431 
measured  by  motor  behavior,  37- 
38 

Mercury  in  treatment  of  syphilis,  408 
Metabolism,  acid  base,  94 
basal,  45-47 
carbohydrate,  58-70 
energy,  43-51 
fat,  71-76 
mineral,  77-104 
protein,  52-57 
vitamin,  95-126 
water,  78-82 

Metaphyseal  changes  in  rickets,  417, 
419-422,  431 
in  scurvy,  451-453 

Methemoglobin,  in  well-water  cyano¬ 
sis,  188 

Methenamine,  dosage  of,  495 
in  treatment  of  pyelitis,  404 
Methionine  in  protein,  52,  158,  159 
Microgram,  definition  of,  112 


Microorganisms,  growth  of,  in  intes¬ 
tinal  tract,  141-144 
Milch,  Eiweiss,  235 
Milchnahrschaden,  257 
Milk,  cow’s  (see  Feeding,  artificial) 
ascorbic  acid  content  of,  123,  124, 
158 

bacteriology  of,  194-197 
boiled,  199 

buffer  value  of,  134,  193 
calcium  of,  83,  158 
-carbohydrate  mixtures,  234-235 
containing  corn  oil,  235 
simulating  human  milk,  235 
casein  curds  from,  in  stomach,  133 
certified,  197-198 
chemical  preservatives  in,  197 
composition  and  character  of,  158, 
191-202 

condensed,  sweetened,  61,  232 
copper  of,  90,  158 
digestibility  of  formulas,  188 
dried,  83,  202,  230-232 
“Eiweiss,”  235-236 
enzymes  of,  193 

evaporated,  characteristics  of,  202, 
213-215 

fortified  with  vitamin  D,  201, 
215 

loss  of  vitamins  in,  214 
fat  of,  158,  202,  214 
fatty  acids  of,  158 
feedings  (see  Feeding,  artificial) 
formulas,  bacterial  contamination 
of,  187 

homogenized,  75,  200 

hypoallergenic,  236 

in  diet  of  normal  infant,  238 

iodine  of,  91,  92 

iron  of,  89,  158 

malted,  in  infant  feeding,  61, 
233-234 

minerals  of,  158 

miscellaneous  constituents  of,  193 
modification  of,  early  attempts 
at,  182-184 

for  infant  feeding,  201-202 
for  premature  infant,  388-389 
nicotinic  acid  content  of,  117,  158 
pasteurization  of,  197,  198-199 
loss  of  vitamins  in,  113,  123, 
199 

phosphorus  of,  83,  158 
physical  properties  of,  184 
“protein,”  235-236 
protein  of,  53,  158,  192 
rennin  curds  of,  133,  184^ 
riboflavin  content  of,  116,  158 
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Milk,  evaporated — Cont ’d 
soft  curd,  199-201 
substitutes  in  infant  feeding,  237 
sulfur  of,  158 
sweet,  mixtures,  203-212 
thiamine  of,  113-114,  158 
vitamin  A  content  of,  98,  158 
with  vitamin  D  added,  104,  201, 
215 

Milk,  goat’s  229-230 
in  allergy,  372 
Milk,  human,  allergy  to,  309 
amino  acids  in,  158,  159 
amount  secreted,  101-162 
received  by  infant,  169,  171 
bacteria  of,  160 
casein  curds  from,  133 
characteristics  of,  156-161 
colostrum,  156 
composition  of,  156-158 
copper  of,  90,  158 
deficiency  of,  153 
drugs  secreted  in,  165 
expression  of,  180-181 
fat  in,  157,  158 
fatty  acids  in,  158 
fortification  of,  for  prematures, 
83,  388 

frozen,  for  infant  feeding,  180 
immune  bodies  in,  152 
in  feeding  of  premature  infant, 
387-388 

iodine  of,  92,  158 
iron  of,  89,  158 

lactalbumin  of,  157,  158,  159 
minerals,  158,  159 
nicotinic  acid  of,  117,  158 
protein  of,  157,  158,  159 
requirement  of,  by  infant,  171 
riboflavin  of,  116,  158 
rickets  and,  413 
sugar  in,  158,  159 
thiamine  of,  113,  158 
unsuitable  for  infant,  174 
vitamin  A  of,  98,  158 
vitamin  C  of,  124,  158 
Milk  of  magnesia,  dosage  of,  495 
in  treatment  of  constipation,  367 
Milk  sickness  in  cows,  193 
Milk  sugar  {see  Lactose) 

Milk-free  foods  in  infant  feeding. 
237,  372 

Mineral  content  of  body,  77 
oil,  contraindicated,  98,  99,  366 
salts,  requirement  of,  129 
skeletal,  82 


Minerals,  effect  of  illness  on  reten¬ 
tion  of,  84 
in  milk,  158 
metabolism  of,  77-94 
requirements,  129 
in  malnutrition,  263 
in  prematurity,  388 
'' Minimum  perceptible”  light  test, 
101 

IMixed  feeding,  175 

sugars  in  infant  feeding,  59,  67 
Molasses,  67 
Monosaccharides,  59 
Morphine  sulfate,  dosage  of,  495 
Mother,  nursing  {see  Nursing 
mother) 

Motor  behavior  of  normal  infants, 
37-38 

of  rachitic  infants,  426,  428, 

430 

Mottled  enamel,  93 
Mucus  in  stools,  149 
Murphy  drip  bulb,  use  in  transfusion 
apparatus,  474 

Muscle,  effect  of  vitamin  D  on,  104 
growth  of,  36 
in  rickets,  424 

intestinal,  atonic  and  hypertonic, 
147 

weakness  in  celiac  disease,  323,  326 
My^xedema,  41 

N 

Napthoquinone,  107  {see  also  Vita¬ 
min  K) 

Negro,  rickets  in,  411-412 
Neostigmine  methyl-sulfate,  dosage 
of,  495 

Nephritis,  chronic,  in  relation  to  rick¬ 
ets,  417 

in  relation  to  tetany,  444,  449 
Nervous  system,  development  of,  33 
vomiting,  337 

Neuropathic  diathesis,  357,  370 
Newborn  period,  the,  375-381 
tetany  of,  437,  449 
Niacin  {see  Nicotinic  acid) 

Nicotinic  acid,  117 
in  milk,  158 

Night  blindness  in  vitamin  A  defi¬ 
ciency,  100,  101 
Nikethamide,  dosage  of,  495 
Nipple  shields,  165 
Nipples,  care  of  mother’s,  165 
of  rubber,  211 

for  use  with  thick  feedings,  337 
Nitrates  in  well  water,  cause  of  cya¬ 
nosis,  188 
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Nitrites  in  well  water,  cause  of  cya¬ 
nosis,  188 

methemoglobin  from,  188 
Normal  saline,  484,  485 
Nursing  bottle,  211 

mother,  care  of  breasts  of,  165- 
166 

diet  of,  162-163 
hygiene  of,  161 

position  of  baby  during,  170,  212 
Nutrition,  effect  on  growth,  17  (see 
also  Feeding,  Malnutri¬ 
tion) 

overnutrition,  protein,  55 

Nutritional  disturbances  (see  Malnu¬ 
trition) 

requirements  of  infants,  summary, 
127-130 

O 

Ointments  for  chapped  nipples,  165 
Opium  (see  Paregoric) 

Orange  juice,  ascorbic  acid  in,  239 
in  diet,  in  celiac  disease,  328 
in  dysentery,  319 
of  breast-fed  infants,  177 
of  normal  infant,  239 
of  premature  infants,  392 
in  treatment  of  scurvy,  457-458 
Organic  acids,  as  cause  of  diarrhea, 
272-273 

in  blood  of  premature  infant,  380 
Osteoblastic  activity  in  scurvy,  451 
Osteochondritis  of  syphilis,  456 
Osteoclastic  activity  in  scurvy,  451 
Osteomalacia,  415 
Osteoporosis  in  celiac  disease,  326 
Osteotomy  for  rachitic  deformities, 
436 

Otitis  media,  394-397 

as  cause  of  diarrhea,  271,  286, 
295,  308 

of  vomiting,  336 

as  complication  in  dysentery,  316 
in  malnutrition,  259,  269 
in  pyloric  stenosis,  342 
in  vomiting,  342 
mastoid  infection  in,  397 
treatment  of,  396 
Ova,  pinworm,  462 

Overdistention  of  gastrointestinal 
tract,  cause  of  colic,  356 
Overfeeding  as  cause  of  diarrhea,  287 
Overnutrition,  protein,  55 
Overweight  infants,  food  require¬ 
ments  for,  127 

Oxalate,  to  prevent  blood  clotting,  466 


Oxygen  administration  for  prematuie 
infant,  385-386 
as  treatment  of  diarrhea,  311 
in  toxemia,  311 
technique  of,  385-386 

P 

Pain,  sense  of,  35 
as  symptom  of  scurvy,  455 
Pancreatic  fibrosis,  330-332 
insufficiency,  330-332 
juice,  137  (see  also  Digestion) 
Pantothenic  acid,  110,  121 
Paracentesis  in  otitis  media,  396 
Paradysentery  bacillus  as  cause  of 
dysentery,  275,  312 
of  mastoiditis,  400 
Paraminobenzoic  acid,  110,  121 
Parathyroid  extract  in  treatment  of 
tetany,  448 

gland,  and  bone  metabolism,  82 
dysfunction  and  rickets,  417 
'  in  tetany,  41,  437 
Paratyphoid  bacillus  as  cause  of 
mastoiditis,  400 
in  intestinal  tract,  141 
in  milk,  195 
in  stool  cultures,  462 
Paregoric,  dosage  of,  495 
in  treatment  of  colic,  358 
of  diarrhea,  309 
!  of  dysentery,  320 

j  Parenteral  administration,  482-483, 
I  484-485 

i  of  calcium  salts  in  tetany,  446 

I  of  carbohydrate  (see  Dextrose) 

I  of  electrolytes,  484,  485 

of  magnesium  salts  in  tetany, 
447,  448,  449 

infections  (see  Infections) 
Pasteurization  of  milk,  197,  198-199 
Pathogenic  organisms  in  cow’s  milk, 
195 

Pectin  in  diarrhea,  296 
in  dysentery,  320 

Pectin-agar-dextrin-maltose  in  diar- 
'  rhea,  296 

j  Pellagra,  117,  118 
j  Penicillin,  dosage  of,  495 

in  treatment  of  syphilis,  408 
Pepsin  in  gastric  digestion,  132 
Percentage  system  of  infant  feeding, 
183 

Peristalsis,  gastric,  visible  in  pyloric 
stenosis,  341 

Peritoneal  administration  (see  Intra- 
peritoneal  administration! 

;  Petrolatutn  in  care  of  breasts,  165 
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Phenobarbital,  dosage  of,  495 
in  colic,  358 
in  diarrhea,  310 
in  dysentery,  320 
in  pyloric  stenosis,  344,  347 
Phenol  in  glycerin  in  treatment  of 
otitis  media,  390 

Phosphatase,  serum,  in  Caffey’s  dis¬ 
ease,  457 
in  rickets,  423 
in  tetany,  444 

Phosphorus  in  body,  77,  82-80 
content  of  cow’s  milk,  85,  158 
of  human  milk,  85,  158 
elementary,  in  treatment  of  rick¬ 
ets,  435 

of  blood  in  rickets,  423 
in  tetany,  440,  444 

Photophobia  in  riboflavin  deficiency, 
115 

Physical  examination,  outline  for,  489 
Physiological  buffer  salt  solution  {aee 
also  Intravenous  therapy) 
for  intravenous  therapy,  293, 
301,  484,  485 
for  oral  use,  299 

salt  solution  for  intravenous  ther 
apy,  484,  485 

Phytic  acid  and  rickets,  414 
Pituitrin,  dosage  of,  495 
effect  on  milk  flow,  173 
Plantar  reflex  in  newborn,  34 
Pneumococci  in  urine  cultures,  4(51 
Pneumonia  complicating  dvsentery, 
31(5-317 

lipoid,  in  premature  infant,  391 
Porphyrinuria,  117 

Posterior  pituitary,  dosage  of,  495 
.{see  also  Pituitrin) 

Posture  in  rickets,  426-430 
Potassium,  78 

carbonate  added  to  sugai'  mixtures  ' 
as  laxative,  (5(5  ' 

in  plasma,  303  I 

intoxication,  304 

Pregnancy,  breast  feeding  during,  155 
Prematurely  born  infants,  375-392 
and  newborn  i)eriod,  375-381 
anemia  in,  88,  392 
calcihcation  of  skeleton  of,  379 
characteristics  of,  375 
circulation  in,  377 
cyanosis  of,  therapy  of,  385 
development  of,  24,  392 
digestive  system  of,’  378 
fat  absorption  by,  102  235  | 

feeding  of,  386-390 
growth  of,  24,  379,  392 
heat  regulation  of,  378  i 


Prematurely  born  infants — Cont ’d 

incidence  of,  18 
management  of,  381-392 
nutritional  requirements  of, 
379 

organic  acids  in  blood  of,  380- 
381 

prothrombin,  blood,  in,  108 
respiration  of,  375-377,  385 
rickets  in,  379,  415,  433 
Preservatives,  use  of,  in  milk,  197 
Projectile  vomiting  in  otitis  media, 
394 

in  pyloric  stenosis,  342 
I’rolapse  of  rectum  in  dysentery,  317 
Proprietary  foods  in  infant  feeding, 
232-237 

Prostigmine,  dosage  of,  495 
Protein,  composition  of,  52 
digestion  of,  133,  138 
in  diet  of  celiac  disease,  327-328 
metabolism,  52-57 
-milk,  235-236 

in  treatment  of  celiac  disease, 
327 

of  milk,  53,  158 

other  than  milk  in  infant’s  diet, 
56,  237,  240,  245 
overnutrition,  55 

requirement  of  infants,  53-55,  127 
of  premature  infants,  379,  388 
retention  of,  55 
sensitization  to,  56,  369,  371 
undernutrition,  55  (see  also  Mal¬ 
nutrition) 

Prothrombin  of  blood  of  newborn  in¬ 
fant,  106-107 
of  premature  infant,  108 
I’seudohypertrophic  muscular  dys¬ 
trophy,  vitamin  E  in,  109 
Pseudomonas  aeruginosa  as  cause  of 
diarrhea,  287 

Pseudoparalysis  in  scurvy,  456 
Ptyalin  in  digestion,  131 
Pulse  rate  in  infancy,  377 
in  premature  infant,  377 
in  scurvy,  454 
Purpura,  456 
Pyelitis,  403-405 
as  cause  of  diarrhea,  286,  403 
of  vomiting,  336 
complicating  dysentery,  316-317 
malnutrition,  259,  403 
Pyloric  stenosis,  340-349 

and  emptying  time  of  stomach, 
137 

as  cause  of  constipation,  361 
Pyridoxine,  120 
Pyruvic  acid,  112 
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R 

Rachitic  rosary,  425,  426 
tetany,  430,  437,  438-449 
Rainmstedt  operation  for  pyloric 
stenosis,  348 

Red  blood  corpuscles  {see  Blood,  cor¬ 
puscles) 

Refeeding  in  pyloric  stenosis,  346-347 
Reflexes  in  newborn,  34 
Renal  rickets,  417 

failure,  cause  of  tetany,  444,  449 
Hesistant  rickets,  417 
Respiration  in  anhydreniia,  298 
in  infancy,  28 
in  scurvy,  454 

of  newborn  premature  infants,  375, 
376 

Rhinopharyngitis,  393-394 

as  cause  of  diarrhea,  271,  286 
chronic,  in  relation  to  allergy,  370 
complicating  malnutrition,  259 
pyelitis  after,  403 
Kiboflaviii,  115-116 
in  milk,  116,  158 
requirement,  116 
Kickets,  411-436 

acidosis  in  relation  to,  417 
blood  changes  in,  423 
calcium  metabolism  in,  423 
celiac,  326 
congenital,  415 
diagnosis  of,  431-432 
etiology  of,  411-417 
growth  and,  415 
incidence  of  infantile,  416 
in  premature  infants,  83,  379 
late,  417 

parathyroids  in  relation  to,  417 
pathology  of,  417-424 
phosphorus  metabolism  in,  423 
prevention  of,  432-436 
renal,  417 
resistant,  417 
sunlight  and,  411-412 
surgical  correction  of  deformities 
in,  435 

-susceptible  races,  411-412 
symptoms  of,  424-431 
treatment  of,  432-436 
ultraviolet  rays  in,  433 
vitamin  D  in,  432-434 
dosage  of,  433 
Ringer’s  solution,  484,  485 

contraindicated  with  blood  trans¬ 
fusion,  472 

in  treatment  of  anhydremia,  293, 
299 

of  diarrhea,  293,  299 


Ringer’s  solution,  in  treatment — 
Cont’d 

of  malnutrition,  268 
of  vomiting,  355 

technique  of  administration,  481, 
484,  485 

Roentgenograms  in  diagnosis  of 
mastoiditis,  399 
of  rickets,  429,  431 
of  scurvy,  452,  453 
of  sinusitis,  402 
Rosary,  rachitic,  425,  426 
Rubella,  maternal,  eflect  on  fetus,  19 
Rumination,  as  cause  of  vomiting,  337 
Rutin,  126 

S 

Saline  administration,  technique  of, 
481,  484,  485 
in  diarrhea,  293 
Salivary  digestion,  131 
Salmonella  enteritidis,  as  cause  of 
diarrhea,  275 
in  milk,  195 

Saponification  of  fats  in  intestine, 
140 

Saprophytic  bacteria  in  milk,  195 
as  cause  of  diarrhea,  276 
Schilling  hemogram,  41 
in  dysentery,  315 
in  malnutrition,  260 
Scopolamine  hydrobromide,  dosage  of, 
495 

Scorbutus  {see  Scurvy) 

Scurvy,  124,  450-458 

associated  with  celiac  disease,  326 
with  rickets,  457 
diagnosis  of,  455-457 
etiology  of,  450-451 
pathology  of,  451-454 
symptoms  of,  454-455 
treatment  of,  457-458 
Seborrhea  due  to  riboflavin  deficiency, 
115 

Second  year,  feeding  normal  child 
during,  248-250 

Sedatives  in  treatment  of  colic,  358 
in  convulsions,  449 
in  diarrhea,  309 

in  dysentery,  320  {see  also  Pare¬ 
goric;  Phenobarbital) 
Sensitization  to  protein  {see  Allergy) 
Serum  {see  also  Blood) 
antidysenteric,  320-321 
Shigella  dysenteriae  as  cause  of  diar 
rhea,  275,  287 
in  milk,  195 
Sight,  sense  of,  35 
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Silver  nitrate  for  anal  fissures,  367 
for  fissured  nipples,  165 
not  recommended  in  dysentery, 
320 

Silver  protein,  color  of  stools  after 
ingestion,  148 
for  rhinopharyngitis,  394 

Sinusitis,  402-403 

as  cause  of  diarrhea,  308,  402 

Skeletal  age,  31 
muscle,  36 

Skeleton,  growth  of,  30-31  (see  also 
Bone) 

,  mineralization  of,  82 

Skin,  development  of,  32 
in  anhydremia,  298 
in  malnutrition,  258,  259 
“Skyshine”  in  relation  to  rickets, 
412 

Smell,  sense  of,  35 
Soap  stick  for  constipation,  366 
Soaps  in  stools,  140,  148 
Sodium  bicarbonate,  solution  for  in- 
tiavenous  use,  484 
bromide,  dosage  of,  495 
chloride  (see  Physiological  salt 
solution) 

citrate,  dosage  of,  495 

for  blood  transfusion,  469,  470 
lactate,  300-301 
dosage  of,  495 

for  parenteral  administration, 

484 

metabolism,  77,  78-82 
Solutions  for  intravenous  use,  484, 

485  (see  also  Dextrose; 
Riiiger’s  solution;  Physio¬ 
logical  salt  solution) 

Soybean  in  infant  feeding,  56  237, 

Spasmophilia  (see  Tetany) 

Spasticity,  33,  118 

Special  foods  in  infant  feedinsr,  229- 
237 

Specific  dynamic  action,  47 
Spleen  in  rickets,  424 
Staphylococci  as  cause  of  diarrhea, 
276 

of  mastoiditis,  398 
in  gastrointestinal  tract,  141 
in  urinary  cultures,  461 
Starch,  contraindicated  in  celiac  dis¬ 
ease,  327 
hydrolysis  of,  63 
in  infant  feeding,  68 
dextrinized,  63,  64 
in  stools,  149 


Starvation,  as  cause  of  diarrhea,  252, 
261 

period  in  treatment  of  diarrhea, 
291,  305 

Steapsin  (lipase),  135,  139 
Stenosis,  pyloric  (see  Pyloric  stenosis) 
Stillbirth,  incidence  of,  18 
Stomach,  absorption  from,  136 
capacity  of,  29 
development  of,  28-29 
digestion  in,  132-137 
emptying  time  of,  136 
overdistention  of,  as  cause  of  vomit¬ 
ing,  334 

Stomatitis,  ulcerative,  in  scurvy,  455 
Stools,  145-151  (see  also  Constipa¬ 
tion,  Diarrhea,  Dysentery) 
bacteria  of,  150-151,  288 
blood  in,  149 

cultures,  technique  of,  461-462 
examination,  significance  of,  151 
in  celiac  disease,  323,  325 
in  constipation,  361-363 
in  diarrhea,  278 
in  dysentery,  314 
in  intussusception,  351 
in  mastoiditis,  chronic,  400 
in  pancreatic  fibrosis,  331 
Streptococci,  liemolytic,  as  cause  of 
enteritis,  275 
of  mastoiditis,  398 
growtli  inhibited  by  gastric 
acidity,  141 

in  gastrointestinal  tract,  141 
in  milk,  195 
in  urine  cultures,  461 

Streptococcus  fecalis,  in  gastrointes¬ 
tinal  tract,  141,  142,  143 
in  milk,  195 

Streptococcus  lactis  in  milk,  195 
Streptomycin,  dosage  of,  495 
Stridor,  in  tetany,  442,  444 
Strong,  bacillus  of,  312 
Subcutaneous  tissues,  growtli  of  32 
injection,  481-482,  484,  485 
Subperiosteal  hemorrhage  in  scurvy 
454,  455 

Succinyl  sulfathiazole  in  dysentery 
321,  495 

Succus  entericus,  137 
Sucrose  in  infant  feeding,  59,  63,  70 
Sugar  (see  also  Carbohydrate  or  name 
of  sugar) 

as  cause  of  diarrhea,  69 
cane  (sucrose),  59,  63,  70 
in  prophylaxis  of  diarrhea,  289 
in  urine,  59 

laxatiye  effect  of,  in  constipation, 
70,  364 
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Sugar — Cont ’d 
malt,  63 
of  blood,  59,  60 

Sulfaguanidine  in  treatment  of 
dysentery,  321 
Sulfapyrazine,  321 
Sulfonamides,  321 

and  paraminobenzoic  acid,  122 
dosage  of,  495 
in  treatment  of  pyelitis,  404 
Sulfur,  77,  86-87 

Sulfur-containing  amino  acids,  158, 
159 

Sunlight  in  relation  to  rickets,  411- 
412 

Superhcial  retlexes  in  ne\v})orn,  34 
Supplemental  feedings,  175 
Suppositories,  use  of,  in  constipation, 
3()6 

Surgical  treatment  of  j)vloric  stenosis, 
348-349 

Swallowing  of  air  as  cause  of  vomit¬ 
ing,  333 

Sweating,  head,  excessive  in  rickets, 
430 

Sweet  milk  mixtures,  203-212 
Sweetened  condensed  milk,  202,  232 
Syncope  in  mastoiditis,  401 
Syphilis,  congenital,  407-410 

no  contiaindication  to  breast 
feeding,  155,  410 

osteochondritis  of,  differences  from 
scurvy,  456 

treatment  of,  408-410 
T 

Technifiue  of  administration  of 
oxygen,  385-386 
of  salt  solutions,  481,  484,  485 
blood  collection,  462-4(58 
blood  grouping  and  matching,  468- 
469 

blood  transfusion,  469-481 
dextrose  administration,  483-485 
gavage,  487-488 

intraperitoneal  injection,  482-483 
intravenous  injection,  469-487 
continuous,  485-487 
stool  culture,  461-462 
urine  collect imi,  459-461 
urine  culture,  461 
venoclysis,  continuous,  485-487 
Teeth  aifected  by  rickets,  430 
by  scurvy,  455 
development  of,  26-27 
vitamin  D  and,  104 
fluorine  and,  92-93 
Temperature  (.see  also  Fever) 

of  infant  with  anhydremia,  283,  297 


'Pemperature,  of  infant— Cont ’d 
with  dysentery,  314 
with  malnutrition,  260 
of  newborn  infant,  36 
of  nursery  for  premature  infant, 
383 

regulation  of,  of  premature  infant, 
378 

Tendon  retlexes  in  newborn,  34 
Tetany,  437-449 

age,  effect  of,  on  symptoms,  443 
as  effect  of  vomiting,  354 
associated  with  celiac  disease,  326 
with  pyloric  stenosis,  342 
with  rickets,  430,  439 
blood  changes  in,  84,  437,  440,  444 
diagnosis  of,  443-445 
etiology  of,  437-440 
neonatal,  437 
pathogenesis  of,  437-440 
symptoms  of,  440-443 
treatment  of,  445-449 
Theobromine  sodiosalicylate  (diure- 
tin),  dosage  of,  495 
'Phermolabilitv  of  premature  infant, 
378,  381-384 
'Phiochrome,  ill 
Thiamine,  111-115 
in  milk,  113,  158 

in  relation  to  constipation,  361,  365 
I’hickened  feedings  for  pyloric 
stenosis,  344,  346 
for  lumination,  337 
'Phorax,  growth  of,  27 
in  rickets,  425,  426,  427 
Thymus,  33,  42 

Thyroid  and  bone  metabolism,  82 
dosage  of,  495 
dehciency,  256,  361,  415 
effect  of  iodine  deficiency  on,  91 
weight  of,  at  birth,  91 
Thyroxin,  91 

Tissues,  subcutaneous,  growth  of,  32 
Tomato  juice  as  source  of  vitamin  C, 
239,  457 

Toiisillitis  accompanving  otitis  media, 
397 

accompanying  pyelitis,  405 
accompanying  rickets,  424 
Touch,  sense  of,  35 
Toxemia  as  cause  of  vomiting,  352 
from  bacteria,  280,  285 
in  dvsentery,  314 

'Poxico'sis,  298  (see  also  Diarrhea) 
Transfusion,  469-482  (see  also  Blood 
transfusion) 

Tridione,  dosage  of,  495 
Trousseau’s  sign  in  tetany,  441,  44.1 
Trypsin,  in  digestion,  137 
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Trvptopluine,  absence  of,  in  gelatin, 
52 

and  nicotinic  acid.  118 
Tube  feeding  for  premature  infant. 
389,  390 

Tubercle  bacillus  in  gastrointestinal 
tract,  141 
Tuberculosis,  400-407 

as  cause  of  malnutrition,  255,  407 
of  middle  ear,  397 
(if  mother,  contraindication  to 

breast  feeding,  154,  406 

Twilight  blindness  as  symptom  of 
•  riboflavin  deficiency,  115 

Typhoid  bacillus  in  gastrointestinal 
tract,  141 

in  mother,  contraindication  to 

breast  feeding,  155 
in  stool  cultures,  461 
in  urine  cultures,  461 


U 


Ulcers  in  dysentery,  313,  315 
Ultraviolet  rays  (see  also  Vitamin  D) 
and  etiology  of  rickets,  412 
in  treatment  of  rickets,  433 
Umbilical  hernia  in  rickets,  428 
Underfeeding  (see  Malnutrition) 
Undernutrition  (see  also  Malnutri¬ 
tion) 
of  protein,  55 

Underweight  infants,  requirements  of, 
127 


Urinary  tract  (see  also  Pyelitis) 
growth  of,  30 

Urine,  collection  technique,  459-461 
cultures,  technique  of,  461 
in  anhydremia,  284 
in  dysentery,  315 
in  malnutrition,  260 
in  pyloric  stenosis,  342 
in  scurvy,  455 
in  newborn,  30,  79 
in  premature,  79,  380 
Urograms,  in  ])yelitis,  405 
Urotropiu  (Methenamine) ,  dosage  of, 
495 

Urticaria  in  relation  to  allergy,  370 
Utilization  of  food,  deficient,  as  cause 
of  malnutrition,  254 
effect  of  infection  on,  254 


^  accines  not  valuable  in  treatment  of 
dysentery,  321 

Vegetable  protein  in  infant  feeding 
56,  237,  372 


^'egetables  in  infant  feeding,  242, 
247-250 

in  relation  to  constipation,  365 
Veins,  conservation  of,  468 
Venipuncture,  technique  of,  464-466 
Venoclysis  continuous,  485  (see  also 
Intravenous  therapy) 
Vernix  caseosa,  100 
Vincent’s  angina  relieved  by  treat¬ 
ment  with  nicotinic  acid,  119 
X’iosterol  (see  Vitamin  I)  ) 

Visual  purple,  96 
violet,  96 

Vitamin  A,  96-102 
for  premature,  392 
in  milk,  158 

requirements  for,  100,  130 
Vitamin  A^,  96 

Vitamin  B  complex,  110-122  (see  also 
separate  vitamins) 
and  respiratory  enzymes,  110 
components  of,  110 
biotin,  120 
choline,  121 
folic  acid,  119 
inositol,  121 
niacin,  117-119 
pantothenic  acid,  121 
paraminobenzoic  acid,  121 
pyridoxine,  120 
riboflavin,  115-116 
thiamine.  111-115 
content  of  milk,  158 
deficiency,  multiple.  111 
requirements  for,  130 
V’itamin  Bj  (see  Thiamine) 

Vitamin  (see  Eiboflavin) 

V^itamin  Be,  119 

Vitamin  C  (see  Ascorbic  acid),  122- 
126 

Vitamin  D,  102-106 
as  supplement  for  breast-fed  in¬ 

fant,  176 

concentrates  of,  103,  433 
deficiency,  102,  411-436 
dosage  in  rickets,  433-434 
in  formation  of  bone  salts,  82 
in  rickets  prevention,  104,  411- 

412,  432 

in  premature  infants,  379,  391 

434  »  I  . 

in  treatment  of  rickets,  432-434 
of  tetany,  445 

intramuscular  administration  of 
434  ’ 

massive  doses  of,  105,  434,  435 
milk,  201,  215 
occurrence  of,  103,  411 
requirement  of,  103-106,  129 


INDEX 


516 


Vitamiu  D,  requirement  of — Cont’d 
for  skeletal  growth,  103 
of  premature  infant,  391,  434 
Vitamin  103 
Vitamin  Dj,  103 
Vitamin  E,  109-111 
Vitamin  G  (see  Riboflavin) 

Vitamin  H,  120 
Vitamin  K,  106-109 
dosage  of,  495 
Vitamin  M,  119 
Vitamin  P,  126,  130 
Vitamin  W,  120 

Vitamin,  pellagra-preventive  (see 
Nicotinic  acid) 

Vitamins,  95-126,  129-130 

deficiencies  of,  multiple  nature  of 
111 

in  evaporated  milk'  (see  Evaporat¬ 
ed  milk) 

in  milk,  158  y 

Vomiting,  333-355  *' 

alkalosis  in,  341,  354 
and  absorption  of  vitamin  K,  109 
blood  findings  during,  354 
caused  by  air  swallowing,  333 
by  allergy,  352,  370 
by  anhydremia,  352,  391 
by  atresias,  339,  349 
by  gastroenterospasm,  338 
by  habit,  337-338 
by  histamine,  274 
by  improper  clothing,  336 
by  intestinal  obstruction,  338- 
339,  349,  350 

by  overdistention  of  stomacdi, 
334-335 

by  parenteral  infections,  336 
by  pyelitis,  403 
by  pyloric  stenosis,  340-349 
by  rumination,  337 
by  toxic  states,  352 
by  unsuitable  food,  335-336 
convulsions  and,  354 
cyclic,  352 

effects  of,  on  body,  353-355 


Vomiting— Cont’d 
in  diarrhea,  284,  298 
in  malnutrition,  261,  265 
in  mastoiditis,  398,  400 
in  otitis  media,  394 
in  premature  infant,  387,  390 
in  rhinopharyngitis,  394 
projectile,  in  pyloric  stenosis,  340 


Water  (see  also  Anhydremia;  Dehv 
dration;  Edema) 

absorption  of,  from  intestine,  141 
balance  in  dysentery,  318 
extracellular,  definition  of,  78 
interstitial,  definition  of,  78 
intracellular,  definition  of,  78 
labile,  79 

loss  in  diarrhea,  281 
metabolism  of,  78-82 
need  of,  in  diarrhea,  299 
requirement  of  infant,  78-82,  129 
Weaning  from  breast,  177 
temporary,  155 
Weight,  body,  22,  171,  384 
charts,  20,  21 
Well-water  cyanosis,  188 
Wet  nursing,  178 
Whey  protein  (see  Lactalbumin) 
White  blood  corpuscles  (see  Blood 
corpuscles,  white ;  Hemo¬ 
gram,  Schilling) 

IVliole  sweet  milk  feeding  of  nor¬ 
mal  infant,  203-212  (see 
also  Feeding,  artificial) 

X 

Xerophthalmia  in  vitamin  A  defi¬ 
ciency,  97 

X-ray,  (see  Roentgenograms) 

Z 

Zinc,  metabolism  of,  93-94 
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